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Section 1

INTRODUCTION

There are three programs in the set of computer programs called GOBACK.
The purpose of these programs is to accept the coefficients of a curve
or surface equation as produced by the linear programming formulation,
and from these to calculate the basic loft information to produce the

ship. The use of each of the three programs is given below.

GOBACK 1 - Calculates information from a surface equation
which contains no profile requirements

GOBACK 2 - Calculates information from a surface equation
containing profile requirements

GOBACK 3 - Calculates information from an equation describing
a curve, and can plot the curve at the same time

Sections II and III of this Appendix describe the application of these
programs. Section II describes the two~dimensional case handled by
GOBACK 3, and Section III extends this to the three-dimensional case
handled by GOBACK 1 and GOBACK 2 .

1.0.0-2 D-1



Section II1

TWO DIMENSIONAL CASE

A typical curve which may require analysis is shown in Fig. D-1 The

equations that may be used to describe the curve are also shown.

X2

A+ BxtCx? + Dy

2
[ ————— E‘| (X - X,)#

A + * Lox
2) + Bx CTx* +x

1) y = A + Bx - Cx2

(2) y = A+ Bx + sz + Dx3 + El(x-xl)z

]

-

3
~— Es(-x5) 5™

3
———— (X- Xz)*-——-—b

+ Dx3 + El(x-x); + Ez(x-xz); + E3(x:x3);

\

# Sce text ("Mathematical Ship Lofting - Part 1. Theory,"
Technical Report1.0.0-1) for explanation of this

notation.

Fig. D-1
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Lines (1) describe the order and range of influence of the coefficients
for a single splined equation. Lines (2) provide similar information

for a double-splined equation., WNote that the offset at x, equals A
and the equation goes exactly through that offset. GOBACK 3 is capable
of providing offsets, first and second derivatives from these squations

10010"2 D.4
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Section III

SURFACE EQUATIONS

GOBACK 1 performs calculations from a three-dimensional surface equation
such as that shown in Fig. D-2. This surface equation is an extension
of the two-dimensional case. The surface equation is always double
splined in the x direction (lengthwise on the ship). It may be either
single or double splined in the 2z direction (vertical direction on

the ship). The resulting equation for either representation is shown for

a five-station by five-waterline surface in Fig. D-2.

The program has the ability to extract the following information from the

surface equation:

(1) The offset, and first and second derivatives, at any point

on the surface

(2) The offsets, and first and second derivatives, along any
waterline or station at any given increment or at an exact
interval, such that straight lines joining the offsets will
have its greatest deviation from the surface equal to a

given tolerance.

(3) The Theillheimer equation, or the standard cubic equations

for each interval, along any waterline or station.

(4) Heights and offsets at any interval along the intersection

of the surface with any given spline curve.

(5) Heights and offsets at any increment along buttocks and
diagonal planes.

1.0.0-2 D-5



Waterline Number
N

1 2 3 4
Station Number

Surface Equation (Double splined in x and 2z direction)

. 2 3 3
y = AOO + Ale + Aozx + A03x + AOlo(x-xZ)#

2 3

3
+ ( + Aux + Alzx + A13x + A14(x-x2)#) 2

\A1o

2
+ (AZO + A21x + Azzx + A23x
( 2 3

3 2

+ A24(x'x2)3} z

3

3
+ A30 + A3lx + A32x + A33x + A34(x-x2)# z

3 3 3
+ lA40 + A41x + A42x + A43x + A44(x-x2)#)

(z'zz)z

Surface Equation (Double splined in x , single splined in 2z direction)

2 3 3
y AOO + Ale + Aozx + Ao3x + A04(x-x2)#

2 3 3
X+ A x4+ A X +A14(x-x2)#) z

+lA 12 13

+ A

10 11

2 3

3 2
+ A20 + A21x + A22x + A23x + Aza(x‘--xz)#, z

2 3 3
x + A32x + A33x + A34(x-x2)#) z

3

+ [Ayn + A

30 31

2 3 3 3
+ (A, .+ A“x + Amx + A43x + AM(x-xz)') (z-zl)#

40

2 3 43 3
+ ASO + ASlx + Aszx + A53x + A54(x-x2)#) (z 22)#

2 3 i 3 3
+ A60 + A61x + A62x + A63x + A6_,+(x.-x2)#) (z-za)#

Fig. D-2
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A. WATERLINE AND STATION EQUATIONS

The equations for waterlines and stations may be extracted from the

surface equation by setting x (for stations) or z (for waterlines)

constant and summing coefficie-ts. Using coefficients from equation

(2), Fig. D-2, the equation for waterline 3 is found as follows by

summing vertically with 2z = 3 .

2 3 3
AOO + A10(3) + A20(3) + A30(3) + A40(3-2)#
2 3 3
A01 + A11(3) + A21(3) + A31(3) + A41(3-2)#

2 3 3
A02 + A12(3) + A22(3) + A32(3) + A42(3-2)#

2 3 3
A03 + A13(3) + A23(3) + A33(3) + A43(3-2)#
2 3 3
A04 + A14(3) + A24(3) + A34(3) + AMO-Z)#

2 3 3
Ags + A1s(3) + A,0(3)" + A0(3)7 + 4,(3-2)5

The equation for the waterline is:

2 3

3
y = B, +B x+ B,x +B4x +Bs(x-x2)#

1 2 3

The equation for a station is found by summing across in Equation 2,
Fig. D-2.

Set

¢

The equation for Station 2 is found as follows:

x = 2 , then:

2 3
AOO + A01(2) + AOZ(Z) + A03(2)

22 3
ALt A11(2) + Alz( )+ A13(2)
2 3
Ay + A21(2) +A,,(2)7 +A,4(2)
2 3
Ay + A31(2) + A32(2) + A33(2)

2 3
A40 + A41(2) + A42(2) + A43(2)

The equation for the station is:

1.0.0-2

Y =

2 3 3
Cl + sz + C3z + C4z + Cs(z-zz)#

D-7
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STANDARD CUBIC EQUATIONS FOR WATERLINES AND STATIONS

Using the above two-dimensional equations we can now develop the
standard cubic equations between each of the points where an additional
coefficlent 1s added. On single-spline curves there is one in every
intervai between offsets. On double-spline curves there will be a

standard cubic between every odd numbered point (0, 1, 3, ... ) .

The following formulas are used to find the standard cubic equation on
a waterline curve between the 1ith and ith+1 points of discontinuity.. '

Using the waterline coefficients developed above: -

i .

3.

l)1 = Bl -Z Bj+4~xj )
i=1

o
"

i
! .2
) BZ+3ZBJ+,4XJ_'
=1 '

(=)
L}

_ i '
, = By - 3§: By %
e
144
D, = B4+Z B,
=5

The equation 1s

y=D, +Dx+1D x2 +D x3 X

17 0T Dy 4 y XX

i+l

Using the example of Fig. D-2 and the coefficients of Waterline 3, the
standard cubic coefficients between points 2 and 4 would be:

1.0.0-2 D-8



D, = B

3
1 - B5(1)

1

2
D2 = BZ + 3(35)(1)

D, = B, - 3(35)‘(1)

Dl‘.-'B“'-!-B5

The. standard cubic coefficients for an interval on a station are fouad
in a similar manner. 'Using the station curve coefficients deve]'.opedl
- above, the coefficients between the i and 1 - # 1 points of

th h

discontinuity are:

i
- . ' 3
EZ C2 + 32 Cj+4 z.1
, =1

i
By = Cy- 32 Cyag %4
i=1

The equation is:

' 2 3-
y = E1+Ezz+E3z‘ +E4z-'

1.0.0-2 D-9



c.

D,

BUTTOCKS

The following procedure 1s used to obtain the heights of the inter-

section of buttock planes (y = constant) and the hull surface.

At each position along the length of a surface where a height is

to be calculated, the two-dimensional equation for the frame is
obtained, Ve = f(z) . The equation for the buttock is g = c,
where C 1is the distance from the centerplane. Subtracting the two

equations gives:

§y = yg -y, =f()-C

Trial and error solution until \gy\ﬁ £ , where ¢ is a small number

provides the correct value of z .

DIAGONAL PIANES

It 1s sometimes of interest to calculate the intersections of
diagonal planes with the surface. GOBACK 1 has the capability of
handling diagonal planes which pass through the intersection of the
centerline plane and a waterline and whose intersection with the
hull surface is below that waterline (Fig. D-3)

42
A e
[ -

DISGONAL Yy * (3m=2)tan o

- Y

Fig. D-3

1.0.0-2 D-10



The procedure is similar to that used in finding heights of the
intersection of the surface and buttock. First, the equation for
the frame is found, then the equation for the plane is subtracted

from it, giving:
£y = vy, = vq = £(2) - ten x (z_-2)

The equation is solved for =z by trial and error.

SEGMENTATION OF WATERLINES AND FRAMES

It is frequently necessary, primarily for purposes of numerical
control, to be able to apprcximate waterline and station curves
with straight lines such that the deviation between curve and line
is no greater than some given tolerance. The GOBACK 1 program has
the ability to segment a station or waterline curve so the greatest
deviation will always be exactly the specified tolerance. A
development of the method used is given below.

For the purposes of the development, a waterline curve has been

selected. The method applies equally well to a station curve.

Figure D-4 shows the geometry of the problem.
Lz

‘,_PZ (XI»YA )

Pg(x 3)
YsA*Bk +ng+oki 3\)(

Fi(X’JY’)

— —— —_— ——————— 3

Fig. D-4

1.0.0-2 D-11



Statement of the problem:

Given curve y = f£(x) = A + Bx + sz + Dx3 , 8 point on that

curve Pl and a tolerance E’l ; find a point on the curve Pz , with
a greater x coordinate, such that a line joining l’1 and 1’2 will

have its greatest deviation from the curve equal to €.

As shown in Fig. D-4, the greatesc deviation from the chord (Ll)
occurs at the point (Pa) where the tangent to the curve (LZ) is
parallel to the chord. The slope of the tangent at this point
m = f'(x) evaluated at Xq » which is equal to the slope of the
chord

The equations for these lines are:

1.1 y Y - Yl =m [x-xl]

1.2 » Y-Y3 - om [x-x3]

or
L1 , Y -Yl +ml X- m %,
;2 » Y-Y3+m1x-m1x3
Now let
€, = Y- mx
C; = ¥3-mX,

now the length of the line joining 1’3 and 24 equals

4

cos (tan- lml)

1°6 =

Therefore 6 . ] Y3 - Yl - ml),(3 + mlx1

l:l+mij|%

1.0.0-2 D-12



x

Substituting the equation for Y3 its first derivative for m,
and rearranging gives:
, L
E-[l + (B + Cx3 + Dx3;7 = (A - 2 + Bxl) + (2Cx1) X,

2 3
+ (3Dx1 -C) Xy - 2Dx3

3
and error to yield Xg -

is the only unknown in this equation. It may be solved by trial

" Substituting X4 into the first derivative of the equation of the
curve yields the slope at that point m . '

. Now from the equation for L1
Y, = Y1'¢—m1.(¥2 - *1)“ '

And from.the équation of the curve -
. " . . DI 2 N ) '.3Av .

lyz:_-i'A + sz + CxéA_f Dx2A'

Subtracting

0 . Y_li + m, (.x2j -4. xl) -[A -+, _sz + Cx2 . +. sz] S
This equation may now be ‘sglved. for its qpiylhpknowﬁ.; sz',.5y~tpi§¥ f"

and error.

Finally substituting *2 in the éqﬁatibn for the curve.éives;

+ Cx 2'+ Dx 3

y, = A_+ Bx 2 2

2

Note that we have assumed in this derivation that f£(x) is a standard
cubic equation. GOBACK 1 solves for the standard cubic equation

coefficients in each interval before segmenting the curve.

1.0.0-2 D-13



INTERSECTIONS WITH CURVES

It is frequently necessary to find intersections of the hull surface
equation y = f(x,2) with previously defined curves. For example,
to find offsets of sight edges or longitudinals.

The curves are usually defined by a faired Theilheimer equation

z = G(x) representing the trace of the heights of the curve on

the centerplane of the ship. To find the intersection of the curve
with a given frame, GOBACK first solves G(x) at the given x of
the frame for the height 2z , then plugs x and z in £(x,z) to
obtain the offset y . The curve G(x) must have the same origins

and be scaled the same as f(x,z) ,

Althodgh GOBACK éxpeéts,a form for 2z - G(x) , such as:

'z = A+ Bx + Cx2'+ Dx3 - El'(x-xl)g + sy

lit 1s‘c}ea:1y possible. to use degenerates of this function, such

as z = fo by mnk@ng the other coefficients zero.

1.0.0-2 D-14



Section IV

SURFACE EQUATION WITH END CONDITIONS

When the surface which has been faired contains an end profile, the
equation requires a special function which guarantees that the surface
will assume the shape of the prorile. The profile function has the
effect of squeezing the surface down to the required profile. This
function usually is effective up to about one station space from the

profile.

The surface equation now becomes
y(x,z) = F(x,z) * T(x,z)

vwhere F(x,z) is the original surface equation and T(x,z) is the
profile function.

The function equals: P

3
D+ GSzz - X :
D # Je

T(x,z) = |1 -
L

where G(z) 1s a two-dimensional Thielheimer equation of the profile.
G(z) has the same origin and is scaled the same as the surface equation.
D is the fraction of the station spacing over which the functior is
effective and P determines if the slope at the profile is finite or

infinite. If P has a value 1 the slope is finite , a value of 1/3
would give infinite slope.

A. EQUATIONS FOR WATERLINES AND STATIONS

The equations for waterlines and stations are obtained in the same

manner as in GOBACK 1 . Offsets are obtained from these equations

1.0.0-2 D-15



in the same manner as GOBACK 1, except a value for the end profile
function must be found and the result multiplied by it. This is
done by GOBACK 2 . First and second derivatives are calculated as
shown in Appendix B.

B. BUTTOCKS

Because the GOBACK 2 program is required to calculate data in the
extreme ends of the ship, a somewhat more sophisticated routine
for finding buttocks was included in it.

As shown in Fig, D=5 the buttock for a ship can be single, double,
or triple valued on any given station. Also, different buttccks on

the same ship are different cases,

If the hull shape is such that the case shown in PFig. D-5a can be
guaranteed, the program will calculate buttocks as shown in
Section III.

If there is a possibility that one of the other cases is present,
the following procedure is used.

(1) The equation of the frame is calculated from the surface

equation,

(2) The intersection of the frame with the baseline 1is
found .
uny (yq)

(3) The coordinates of Point P (yp,zp) are found by examining
the slope of the curve at intervals starting at the base-
line until the slope changes from negative to positive.

The Point P 1s the exact point on the curve where this
takes place. If no point P is found, then this is also

1.0.0-2 D-16
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Fic. D-5a

Yp-—-.—
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Yo~ t ‘ ‘
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pZa—]

!
Ya \\\
— rn———-
1 2 - B yTToKs
Fig. b-=Sc

e

o

Fig. D-5
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the case shown in Fig. 5-a .

(4) The values yq and yp and compared with the y value
of the buttock plane (yb) .

If:

yq<:yb<:yp the case is that of buttock 1-Fig. 5-b

and only one intersection will be found

'Y;;(yb >yp the case is that of buttock 2 Fig 5-b,
RN eno three intersections must be’ checked

ior..

yq) < Yp the case is that of buttock 1 of Fig. 5-9'

‘and no intersections are present

yq)yﬁ)ypr the case is shown as buttock 2 Fig. 5-c,

and two intersections may be present.

(5) The coordinates .of the intersections themselves are found -’
by finding a trial and error solution of the frame equation

. minus the buttock equation

:The first frame cut for.a given buttock line 1is. found by finding
'fAthe intersection of the buttock with the uppermost waterline on
'the surface. From this point, frame cuts are made at a specified
o jinterval along the ship, and the intersections of each frame with
the buttock is found.

1.0-0'2 D_Ia



Section V

GOBACK 1

A. OPERATING INSTRUCTIONS

This version of GOBACK will accept coefficients of a surface equation
such as shown in Fig. D-2 which does not have end profile requirements.
The equation must be single splined in the x direction and may be
single or double splined in the 2z direction.

The following data can be calculated with this program:

— Offsets, first and second derivatives along a waterline
at a given interval or at an interval determined by a
tolerance
— Offsets, first and second derivatives along a station at
a given interval or at an interval determined by a
tolerance
— Standard cubic coefficients for each section of a waterline
= Standard cubic coefficients for each section of a station

- Offsets at a given interval along buttocks

~—— Offsets at a given interval along diagonal planes

Fortran Input bols
Symbol Definition
X0 - The actual full scale coordinate of the first
station of the surface
Z0 - The actual full scale Z coordinate of the first

waterline of the surface

FINTX - This value is used as a scale factor in the x
direction. If the surface equation is scaled so
the stations are one unit apart, FINIX equals the
actual full scale station interval (xl-xo) . If

1.0.0-2 D-19



the stations of the surface equation are less than
one unit apart, FINTX becomes some multiple of the
station spacing. For example, if the stations in

the equation are 1/4 unit apart, FINIX becomes four

imes the actual full-scale station spacing
[4(x1-xo)]

FINTZ - Same definition as FINTX, except in the 2 direction
(z; - 24)

M - The total number of points of discontinuity along

a station (points where z coefficlents are added)
including the points at the first and last water-
lines. For erxample, if a surface containing seven
waterlines were single splined, M would equal seven,
since there are third derivative discontinuities at
each waterline. If the seven-waterline surface were
double splined, M would equal four, since there

are discontinuities only at waterlines 0 , 2 , 4 ,

and 6.

N - The total number of points of discontinuity along a
waterline (points where x coefficients are added).
The example used for M 1is valid except using
stations instead of waterlines.

SEGX - Desired interval between consccutive calculated
offsets along waterlines, buttocks, and diagonal
planes.

SEGZ - Desired interval between consecutive calculated

offsets along stations.

KS - The value SEGX can be changed when workiﬁg along
a curve in the x direction. KS 1s the number of
changes to be made.

Xs - The x distance from the origin of the surface to
a point where SEGX is to be changed. This must
coincide with a station or a specific point (see
definition of K ).

1.0.0-2 D=20



L 3

SEGXS

IDENT

T

ISP

1.0.0-2

Value to which SEGX is to be changed when XS is
reached.

Coefficients of the surface equation produced by
linear program. There are (M+2)(N+2) coefficients.

z coordinates of waterlines where coefficients are
added, plus that of the last waterline. There are

(M-1) since the value for the first waterline isn't
included.

Same as 2 except for stations (N-1)

Code which tells the program what data is required
from the surface (See Input Format description)

The program makes a provision for obtaining offsets

at specific distances along a curve which may not

coincide with the intervals specified by SEGX or SEGZ.

These are called "specific points."” K is the number
of points asked for along a curve.

The 2z coordinate of a waterline along which
data is to be calculated.

The x coordinate of a station or frame along which
data is to be calculated.

A symbol consisting of two letters used to identify
specific points in the output. The same symbol must
be used for all specific points on any one curve
(see ISP below)

A companion symbol to NN providing two additional

characters for identification. For example, if the
specific point on a station correspcnded to longi-
tudinal 13, NN might become LG and ISP become 13,
as the specific point would be identified LG13.

D-21



XE - The x coordinate of specific points on waterlines,
diagonals, and buttocks (see definition of K).

ZE - Same as XE except for stations

ANGIE - - The angle - (X in Fig. D-3) between a diagonal
: ' - plane and the vertical centerplane of the ship.

The y distancé from.the centerplane of the ship

BUTTK . - :
. . to a;bpttock'alpng which heights are to be calculated
,SX"'-A- . The starting point on a curve when segmcnting with
a tolerance in .the x direction
sz . - The staréing'coordinate when segmenting a station
according to a tolerance
- EX ° =~ The finish coordinate'corresponding to SX
FZ - . - ' The finish coordinate corresponding to SZ
TOL - The maximum deviation between_a curve and the

straight line segments approximating it when seg-
menting-according to a tolerance.

Input Data Cards

-. There are two distinct kinds of sets of data used for ‘Input to

' GOBACK 1 . The first set consists entirely of data describing. the
surface equation to the program. No output is produced from tnis
set. The second set of data consists of packets of data cards.
Each packet describes some information required from the surface
and glves the geometric data necessary to obtain the information
from the surface equation. Only one of the first sets of data are

entered per problem. There may be many small packets, each of

1.0.0-2 D-22



calls for offsets along a waterline or station, or perhaps standard

cubic coefficients etc.

There are limitations on some of the input parameters of the program.
These limitations follow.

Variable Minimum Maximum
M 3 20

N 3 40

K (no. of specific

. points/curve) 0 20

In describing'thez§arious data cards, the actual FORIRAN format
fi;fd description is ﬁsed in most cases. These fields come consecu-
'fiyélé_acféss.;he card.with:no_gaps or blank columns between. The
‘field descriptions are the FORTRAN F field which uses the FORTRAN
. fiked point decimal number, and the I field that used the PORTRAN
integer numbér yhich-is always right justified. The card numbers

are not punched on-the data cards.

First Data Set
This data set is the one that describes the surface equation

Contents of Card " Card No.

The firét.card is'a,header card and may contain
any alphanumeric description of the problem in

Columns 1-50 1

Format F15.8 F15.8 Fl1l5.8 F15.8 15 15 2
Variable A X0 Z0 FINTX FINTZ M N

Format F15.8 F15.8 F15.8 3
Variable SEGX SEGZ KS

Format F15.8 F15.8 next

Variable SEGXS XSEG KS cards
Format F15.8 next

Variable A (M+2) (N+2) cards
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Format F15.8 next

Variable Z (M-1)cards
Format F15.8 next
Variable X (N-1) cards

This completes the first data set.
The coefficients of the surface equation (A) are presented
in the following order (see Fig. D-2):

A A

00 * A

A A

N AlO » Ay

A,

o1 * Aoz » Aoz » Ags 0 12 ¢ A3

Ay s voe s Bgg s Ayy s Ay s Apg y By s een s Ay Ay

Ayy s Ay s oo s A gy ven sy neiiien

This is generally the order in which they will be received

from the L.P. Coefficient AOO is the constant term for the
equation. It is equal to the preliminary offset of the first
point on the surface (x0 s zo) . Any coefficlents that weren't
in the final solution must have a zero value included in the
data deck.

Second Data Set
This data set contains the packets of cards, each of which
describes some information to be extracted from the surface.
Any number of these packets may be used in a problem. They
may be entered in any desired order by simply stacking them
behind the first data set in the card reader. A description
of each data packet follows. The first card for each of these
packets is an identification card and contains a specific
value of IDENT in Column 4 .
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1.0.0-2

Packet for Offsets on a Waterline
Contents of Card Card No.

The first card is the identification card and

contains a 1 in Column 4. 1

Format 14 F15.8 2

Variable K 2T

Format 12 13 X F15.8 next

Variable NN ISP 3 blank ZE K cards
Cols.

(This set of K cards contains the identification and
location of any specific points. They are to be

arranged so the smallest ZE 1is the first card pro-
gressing in order to the largest ZE in the last one)

Packet for Offsets of a Station

Contents of Card Card No.
This card has a 2 in Column 4 1
Format 14 F15.8 2
Variable K XT
Format 12 13 33X F15.8 next
Variable NN ISP 3 blank ZE K cards
Cols.

(Begin with the smallest ZE and progress to largest)

Packet for Offsets of a Diagonal Plane

Contents of Card Card No.
This card contains a 3 in Column 4 1
Format F15.8 2

Variable ANGLE

Packet for Offsets of a Buttock

Gontents of Card Card No.
This card contains a 4 in Column 4 1
Format F15.8 2

Variable BUTTK
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Packet for Standard Cubic Coefficients on a Waterline

Contents of Card Card No.
This card contains a 5 in Column 4 1
Format F15.8 2
Variable XT

Packet for Standard Cubic Coefficients on'i Station

Contents of Card Card No.
This card contains a 6 in Column 4 4 1
Format F15.8 ‘ 2

Variable XT

Packet for Segmentation of a Waterline
Contents of Card Card No.

This card contains a 7 in Column 4

Format F15.8 F15.8 F15.8 F15.8 2
Variable 2T X FX TOL

Packet for Segmentation of a Station
Contents of Card Card No.

This card contains an 8 in Column 4

Format F15.8  F15.8 F15.8 F15.8 2
Variable XT sz FZ TOL

Output Data

The output data for the different types of information requested is
given below. When this output data consists of offsets of curves
which may need to be plotted, GOBACK 1 includes cards which place
the plotter pen up or down at the proper times. The data deck is
arranged in order and punched in such a format that the deck can

be directly plotted using the plotting program of Appendix F.
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Offsets of a Waterline

The first N+2 cards punched when the offsets of a waterline
are called for contain the coefficients for the two-dimensional
Thielheimer equation of the waterline. Following this is a header

card and finally cards each containing:

(1) A waterline identification number (WL)
(2) The x coordinate of the offset

(3) The offset on the waterline

(4) The first derivative of the waterline
(5) The second derivative of the waterline

Offsets of a Station or Frame

Information corresponding to that of a waterline is punched. The
frame identification (FR) and the 2z coordinate of the offset

are given.

Qffsets of a Diagonal Plane

First, a header card is punched and then cards containing the

following data:

(1) An identification of the diagonal plane (DP)
(2) The x coordinate of the offsets

(3) The =z éoordinate of the offset

(4) The offset ydp as shown in Fig. D-3

zifsets of a Buttock

First, a header card is punched and then cards containing the
following:

(1) An identification of the buttock (BK)

(2) The x coordinate of the point is given

(3) The 2z coordinate of the point is given
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Sense

Standard Cubic Coefficients for a Waterline

The first card punched contains an identification of the waterline.
Following this are a set of N cards, each of which contains the
following information for an interval along the waterline:

(1) The coefficients A,B,C,D, of the cubic

(2) The starting and ending x coordinates of the interval.

Standard Cubic Coefficients of a Frame
The same data is given as for a waterline, except that there are
M intervals and the 2z coordinates of the start and finish of

an interval are given.

Segmentation of a Waterline to a Tolerance

First, a header card is punched. Then cards containing the
following information are punched:

(1) The identification of the waterline

(2) The x coordinate of the offset

(3) The offset

(4) The tolerance

Segmentation of a Station to a Tolerance

The same information 1s punched as for a waterline, except the

z coordinate of the offset is given.

Switches

Sense Switch 4 ON - No second derivatives are punched for
waterlines or stations

Scnsc Switch 4 OFF - Whenever an offset is punched on a waterline
or station the second derivative is punched

All other sense switches are ignored.
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B. SAMPLIE PROBLEM

The sample problem is a2 seven station by eight waterline surface
from the DE-1037 class ships. The stations were 5 through 11 and
the waterlines were the 4' through 32'. The surface was single

splined in the 2z direction.

Offsets were calculated for one frame, one waterline, and one
buttock., Standard cubic equations were found for one waterline
and one frame, and the heights and halfbreadths of the intersection

of the 01 level and the surface were found.
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B.

87.5
L

20,
2.5

1'
k1.5

7.395835 |

3.4021024
.43256810
-.23899897
-.05975052
.30222755
8.5007951
-45,380311
86.461133
-37.816704
45,392666
23.518814
-12.388975
164,50268
-298,36348
129.49442
-154,92941
-79...80046
8.2593167
-139.79112
252.23775
-109,.53571
131.40512
6L4.742903
-8.8703614
176.86673
-320.34323
139.37182
-167,77884
-77.970667
1.4378967
-46.174359
85.877451

1.0.0-2

SAMPLE PROBLEM FOR GOBACK 1

* % SAMPLE [INPUT * *

DE 1037 o

y, 35,

i, 3
107.5

150.
151.

} Coefficients of the surface equation
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-37.57123
45 ,56L253
14,238035
-1.,1k426593
12.468507
-22.614727
9,L4637234
-10.732676
.15734228
.72L00226
-5.8605798
9.8515F27 VA
-3.6732793
L,0526781
-3.8607566
-. 79698505
4,5303580
~-6.154L4LL4S
2.3878876
-3,2185250
3.8711793
.1:6938527
12,769376
-20.36L931
8.177L277
-9.6133634L
1.71252311
80
12,
16.
20.
2,

28,

32,

122.5
157.5
192.5

>

Waterline where new

coefficients are to be added (z)

Stations where new x coefficients are to be added (x)

2

3 1""5-
3T 3 25.52666
T2 27.0.2666

1.0.0-2

D-31

First Data Set

*

Second Data Set



5T 1 28.52666

3

Lg i

b
8.7

5

30.

5

145,

7
33. 130, 170. L0001

tha, 17. 26, 001

9

J=1 LEVEL
30,56853
-.1967334
-.13065
06418331
~.072799998

.
e
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15.18539200
2,56392320
00166476
-.29505930
.53263620

v

DE 1037

-.15633232

IDENT.
Wi 30.

PEN DOWN

R
FR 2
Wil 30.
i 30 .
WL 30.
FR 3
FR 4
Wl 30 .
WL 30.
WL 30,
w30,
PEN UP
20 TO0

87.50000000
5000,00000000
107.49999000
114.99999000
122.50000000
127.49999000
147.49999000
149,99999000
150.99999000
157.50000000
167.49999000
187.49999000
192,50000000
6000.00000000
87.50000000

o

00
00
oG

00
00
00
00

13.07689200
11.68305200
-14,38853300
8.61199300
-9.49738800
2.87433700
-2.48411930
.83143300
-.23205720
-.21185000

IDENT.,

FR

145.00

Z

4,00000000

PEN DOWN 5000,.00000000

FR

145,00

1.0.0-2

8.00000000

¥

SAMPLE QUTPUT

\I
15.08539200
6.49597900
95781000
5592000
.57887700

1

16

17.3

17.5
18.19321000
18.24735500
18.2
18.3
18.5
18
1

.66692400
8.63029900

18.63029900

Y
13.07689200
16.39778400

D-33

v

¥*

FIRST DER.
.07325494

.04805928
.0L0L6389
.01573200

.01793654
.03746109
.13486811
.17204520

FIRST DER.
1.46038150

.46918918

SECOND DER.
.00000271

-.00144247
-.00127623
-.00061129

-.00058495
-.00119721
-.00135028

SECOND DER.
- 4964165

-, 04595448



FR 145,00 12.00000000
FR 145,00 16.00000000
FR 145,00 20.00000000
FR 145,00 24,00000000
ST 3 25,52666000
ST 2 27.02666000
FR 145,00  28,00000000
ST 1 28,52666000
FR 145,00 32.00000000
PEr UP 6000.00000000
%0 TO 4,00000000
IDENT. e
DP 45,00 87.50000000
PER DOWH  5000.00000000
OP 45,00 107,49999000
OP 45,00 122.50000000
OP 45,00 142,49999000
DP 45,00 157,50000000
OP 45,00 177.49999000
DP 45,00  192,50000000
PEN UP 6000,00000000
GO TO 87.50000000
IDENT, X
BK 8.00 87.50000000
PEN DOWN 5000.00000000
BK 8.00 107.49999000
BK 8.00 122,50000000
BK 8,00 142,49999000
EK 8.00 157,50000000
BK 8,00 177.49999000
BK 8.00 192,50000000
PEN UP 6000.00000000
GO TO 87.50000000
wL 30,00
A

15.08539200

14,55275600

18.20341400
FR 145,00

A

13.07689200

14,26406500

11.38972800

19.77363000

13.12216600

16,74805900

22,46800900

1.0.0-2

B8
.07325494
.11890948

-.03754730

B
1.46038150
.57000137
1.64787770
-. 44809775
« 79905175
«25516768
-.45982606

2

2

22452200
. 18990000
. 16960000
. 15974900
8.10387900

18.10387900
Y
17.30200700

20.43979100
22,77103300
25,27905000
26.59382700
27.78706900
28.17376800

12.07812400
Z
L,64062500

L,00000000
4,00000000
4,00000000
4,00000000
4,00000000
4,00000000

4,00000000

C
.00000135
-.00130305
.00093204

c
-.22482082
-.00222579
-.13696034

.03770428
-.0402L4256
-.01304835

01674304

17
18
18
18
18
18
18
18
1

D-34

64755556
-.09573533
-3.87459450
-13,09439600
-30.13434200

-57.38450500

Z
19.76562500

7.54687500
.89843700

D
-.00000688

-.08745737
.00577428
-.01743714

.00320919
-.00183689

START FINISH
87.500 122,500

.00000554 122,500 157,500

-.00000510

D
.01682029
-.00172928
.00388465
-.00096714
.00065674
.00020351
-.00021025

157.500 192.500

START
4,000
8.000
12.000
16.000
20,000
24,000
28,000

FINISH

8.000
12,000
16,000
20,000
24,000
28,000
32,000



I
WL
WL
WL
Wi
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL

I
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR

DENT,

2
3
.3
.47386700
5
5
5

9557000
5104600
7884000
9463200
9494300
0189200

6017000
L666900
1334600

30,00 29.99999000
30.00 32,.63960000
30.00 135,38715000
30.00 38.26559000
30.00 41,30284000
30.00 LY 54118000
30.00 48,04749000
30.00 51.93962000
30,00 56.47632000
30.00 57.50000000
30.00 62,26849000
30.00 166,32337000
30.00 69.96221000
30.00 169.99999000
DENT., z
145,00  17.00000000
145,00 18,38721400
145.00 19.25546800
145,00 19.98029800
145,00  20,00000000
145,00 20,70570100
145.00 21.48541600
145,00 22.38815800
145,00  23,.56892300
145,00 24,00000000
145.00 24,58768000
145,00 26,00000000
0-1 LEVEL
X z
87.50000000 30.56853000
107.49999000 30.42542500
122.50000000 30.30533000
127.49999000 30,26864300
147.49999000 30, 14414200
157.50000000 30.09313100
167.49999000 30.04800600
187.43999000 29.97059000
192.50000000 29.95303000
1.0.0-2

.18858100
.38372500
54872600
.67598500
.63659300

D-35

TOLERANCE
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
TOLERANCE
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000
.00100000



C. FLOW DIAGRAM - GOBACK 1

READ
XORIG ,Z ORIG ,FINTX

FINTZ M,N

MPa M$2
NP2 N+2

READ
SRGX,SEG Z,
KS

READ(Ix1,K$)
SEG Xs(1),xse6 (1)

READ(I-I,MP)
To1,NP
A,

MaM.i
Ne N
FiVEx 3000
SiX = 6000

READ (I, l,H)

2(1)

ToTZaZ(M)

NORMALIZE 2(1)

z(1)a z(t)- ZORIG
FINTZ

WHERE Ixi THRUM

1.000-2 n‘-'39.



ee

1.0.0-2

READ(I.1,N)
X(1)

TOTX = X (N)

!

NORMALIZE X (1)
X(T) = X{t) -XORIG

(I) FINTX
WHERE Ia| THRY N

READ
IDNT

D-37




D-38
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~a

READ

zTr * 200
FINTa FINTX
b6 - S0 X
= FINTX
NA =N RORIGs X ORIG
RORIG = XORNE TOT>TOY X
FINT= FINT'K IK=20Q
804 INX = NP

l

2x(1)= X (@)
(x=N,1)

l

22
* etz

1.0.0-2

ZT. ZO0RIG

READ (Ts1K)
ISP(T),XE(T)

NORMALIZE XE (1)

XELI) .- XORIG
e o

WHERE I. | THRU K
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1.0.0-2

I.0

I-I+1 4] MAZ=1-1

C(1)= COEF. OF
THE EQT. OF WL
22 (1 =1,NP)

# 221

&> ()

INZ=NP

D-40



Y F(xz )2z
RDERT o 4Y

SDERT .(sl‘_!

ax X =XZ

dxl)x-xz

Ya RXz),,

RDRI .(g)hu

DRERL.[d?
SDERL (a—z‘)z.xz

|

]

PUNCH

2T,%X2,Y,RDERT,

SDERI

PUNCH

ZT,XZ,Y, RBERI

1.0.0-2
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415

174 =2 KSR > DO I'2 1 ,KSR

seq =SEGXS (T)

FINTX

0
CONTINUE

1.0.0-2 D-42



& .

%432

XZx OLD+ SEG
OLDaX2Z
K2 20

AX a2 XZ

1.0.0-2

o =
oLD + SEG

D-43



&

READ READ
BUTTK ANGLE
Y
XX =0 ANGLE ¥ TI
INZ= MP TAN= 180
. SEGX '
SEG=2ETX [ S1=sINF(TAN)
SecTze Eﬁfz CO=COSF (TAN)
) TZ
TAN=-sI/co

=9

1.0.0-2



o

€

% 46! " 462
K2=K2 +1 pe K241
xx=X(K2) ~

*324 l

g——— XX=XX+SEG =

1.0.0-2 D-45



%703

Cc(I)=CcoEFE
OF THE
EQUATION OF

FRAME XX
@=1THRU MP)

ZZ=FUNCTION
OoF XX IN

THE EQUAT 10
G (x)

XPCH=XX% FINTX+
XORIG

ZPCH=ZZ¥%FINTZ
+20RIG

'

1.0.0-2

Y=FUNCTION
OF 2Z IN
EQUATION

OF FRAME XX




* 475

XT=XZ
xz=xz- 1XZ-0LDl

OLD=XT

*% 467

Y= TOTZ‘ZXZ
co

PUNCH
ANGLE, X2 Y ZXZ
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% 484
ZXZ‘-TcTZ
>0
47 3

<0

* 483

OLD =XZ
XZ= XT+SEGT Z

XT= XZ

XZ:XZ_]KZ'OLM
2

OLD= XT

o<

>0

IND=T

CONTINVE

1,0.0.=2 D-48



L 43

ZXZ= XIFINTZ+ ZORIG

L

Y: FUNCTION
OF XZ IN
FRAME
EQUATION

*478

[ K1
Kip=1

!

1.0.0-2

»4A85

ZXZ = ZORIG

(=7

<0
>0
*481
KiD=2 Y
< 0




1.0.0-2

PO 707 I=IN
ZX(T = X(I)

l

K=0
ToT= ToT X

SE6 Xx_
SEG= FINT X

Xx:a

3éo

D-50



1.0.0-2

XZ+XE (KID) |
K2=1

D-51

KID =KID + 1
IK=TK#1




3 430

OLD=OLD+5EG |
)

IND=IND+14
K2=0
XZ=ZX(IND)

©

Y
G—— IND =T ND+1

1.0.0-2 D=-52



NA =M
RORIG = ZORIG
FINT = FINTZ

INZ=MP

903

FINT=FINTZ
_ SEGZ

"FINTZ
RORIG = XORIG
TOT =TOTZ

SEG

L.0.0-2

p| 00401124, M

Zx (1) =Z (1)

XXz

ZT-XOR1G

FINTZ

(<9

D-53

READ(1I=1,K)
ISP (1)yXE (T)

NORMALIZE
XE()-Z0RIG
) TINTZ




1.0.0-2

NA=™M

S= S-Z0ORIG

FINTZ
. F-ZORIG

"TFINTZ

S

D-54

NA= N

5 . S=XORIG
" FINTX

e F-XORIG
T FINTX

(o9



»

D

DO 805 I-1,NA

&)

IDNT

Y
INX=I-1

<7

INX=0

00 504 1=1,INX

!

STANDARD
CUBIC COEFF.
xe(J)
WHERE J =1 THRU 4

1.0.0-2




x281
S=ZX(I)xFINT+RORIG
F2ZX(I+)«FINT+RORIG [ INX
<0
%280
F=2Zx (1) = FINT + RORIG
S= RORIG
. - _ T
DO 28312, 4 o XE(I)= =INT &
% 283
CONTINVE
Y
PUNCH

/N
(o]

INX =INX+1 [

506
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¢4

X8=5S
* 2.2 50
XS=F z
<0
* 23

| ES—

Y= FUNCTION

OF XS IN
STANDARD

cuBIC EQT.

/" PUNCH \ :
v ZT,XT,Y, ToL

» 840 » 861
<8 )
XT= XS*FINTX+XORI6 @ XT=X5S*FINTZ+ZO0RI6

1.0.9-2

D-57



)

AA=3% XE (8) % S ~XE(3)

|

AC = XE (3)#5% XE (&) x 5

AAA=2 ¢ XE (3)3 XS~ AA % 15™=2 2 XE (3) % S+AC

1.0.0-2

DER = 1st.DERIY
WITH RESPECT

TO Xs OF
CUBIC EQT.

Y=AAR-ToL % (1+ DER®)

D-58




s

G)—

20

G

S=ZX (INX+)

AAA = 23 XE (4) % XS =AM X5 =2 % XE (3) % S+ AC

l

DER+1St DERIV.
WITH RESPECT
TO XS OF
CUBIC EQT,

;

Y=AM™= TOL'% (1+ DER)

<>y

1.0.0-2 D-59



xS= XS-%

X!

RAD= 8 XE (3) x XE (4) % XS+1 2% XE (4)"x XS 22 XE (3) xXE(4) 5

'

RAD = \IRAD~3* Xe (4)'% s%xe(3)"

l % 13

=5 _ XE(3)+RAD
PPXS 7T ke @)

x4
RAD=-RAD

1.0.0-2 D-60



D.

c

DE

DE

LISTING - CG3ACK 1

SURFACE GO BACK (NO PROFILE)
101 FORMAT(“F‘S.B 215)
102 FORMAT(4F15.8)
103 FORMAT(5HGO TO,UX,F14.8,3X,F15.8)
10k FORMAT(2F15.8,15) . |
105 FORMAT(7H 1DENT.,9%,1HZ, 17X, 1HY, 11X, 10HF IRST DER.,4X,11HSECOND
R

c.)
106 FORMAT(I4,F15,8)
107 FORMAT(2HWL,F7.2,F14,8,3X,3F15.8)
108 FORMAT(BHPEN DOWN,F15,8)
109 FORMAT(2HFR,F7.2,F14,8,3X,3F15,8)
110 FORMAT(6HPEN UP,2X,F15,8)
111 FORMAT(2HLG,13,3X,F15,.8,3X,F15,8)
112 FORMAT{JH IDENT.,9X,1HZ,17X,1HY,12X,9HTOLERANCE)

113 FORMAT(7H IDENT.,9X,1HX,17X,1HY,12X,9HTOLERANCE)
114 FORMAT(ZHDP,FG.Z,F15.8,3X,2F15.é)
115 FORMAT(7H IDENT.,9X,1HX,17X,1HY,11X,10HFIRST DER,,L4X,1THSECOND
R
c.)
116 FORMAT(1X,6HIDENT.,9X, 1HX, 17X, 1HY, 7X, 14HF IRST DERIVAT,)
117 FORMAT(IX,6HIDENT.,10X,lHX,17X,IHY,lLX 1HZ)
118 FORMAT(1X,6HIDENT,,9X 1HZ,17X,IHY,7X,ILHFIRST DERIVAT.)
119 FORMAT(2HBK,F6.2,F15,8,3X,F15,8)
120 FORMAT(7X,1HA,13X,1HB,13X,1HC, 13X, 1HD,9X,5HSTART,8H FINISH)
121 FORMAT(7H IDENT., 10X, 1HX,17X,1HZ)
122 FORMAT(4F14.8,2F8.3)
123 FORMAT(50H )
124 FORMAT(25H )
125 FORMAT(8X, 1HX, 14X, 1HZ, 14X,

1HY)
DIMENSTON' X(40),A(22,h2), XE(40
DIMENSION SEGXS(5),XSEG(5),CZ(
100 READ 123
PUNCH 123
READ 101, XORIG,ZORIG,FINTX,FINTZ,M,N
READ 10L,SEGX,SEGZ,KS
IF(KS-1)170,171,172
171 READ 102,SEGXS(1),XSEG(1)
GO TO 170
172 DO 173 I=1,KS
173 READ 102,SEGXS(!),XSEG(!)
170 NP=N+2
MP=M+2
FIVE=5000,
S| X=6000,
DO 201 I=1,MP
D0 202 J=1,NP
202 READ 102, A(!,J)

),2(20),C(43),2X(40),1SP(20)
42)
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201 CONTINUE
M=MP-3
NmNP-3
D0 203 i=1,M
READ 102, Z(l)
|F(M-|)230 232,203
232 TOTZ=Z(1)
203 Z(1)=(Z(1)-ZORIG)/FINTZ
230 DO 204 I=1,N
READ 102,X(l)
IF(N-1)205,233,204
233 TOTX=X(1)
204 X())=(X(1)=X ORlG)/FINTX
205 READ 106, IDN
K2=0
K3=1
KSR=KS
XZ-O.
KiD=1
| ND=O
OLD=0,
|F(|DNT-1)600 209,600

600 IF(IDNT-2)601,310,601
601 IF(IDNT-3)602,231,602
602 1F(IDNT-4)603, 23# 603
603 IF(IDNT-S)GO# 801,60L
604 |F(IDNT-6)605,831, 605
605 IF(IDNT-7)606, 800 606
606 {F(IDNT-8)700, 820 700
c * % A) OFFSETS OF A WATER LINE * *
209 READ  106,K,ZT

IF(K—I)ZOO 206 207
207 DO 210 I=1,K
READ 111, lSP(l) XE(1)
210 XE(|)= (XE(I) XORIG) FINTX
GO TO 200
206 READ 111,1SP(1),XE(1)
XE(1)= (XE(I) XORIG) FINTX
200 FINT=FINTX
SEG=SEGX/FINTX
RORIG=XO0R G
TOT=TOTX
IK=0
804 INX=NP
DO 236 I=1,N
236 ZX(1)=Xx(1)
2Z=(ZT-ZO0RIG)/FINTZ
740 DO 211 I=1,M
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MAZs =1

IF(zz-2(1))212,212,211

CONT I NUE

IF(IDNT=9) 721,722,721

DO 213 I=1, INX

1)=A(1, 1 J+A(2, 1)*ZZ+A(3, | ) *ZZ*TZ+A(k, 1) *Z2%%3
(MaZ-1§221,215,216

217 =1, INX
JaC(1)+A(5,1)%(22=2(1))%*3
IDNT=5)21k,503,503
=MAZ+4

218 =1, INX
2

)

)

—_

19 J=5.INZ

1)mC (1) +A(J, 1)%(ZZ=2(J=ls) ) #*3

NT I NUE

(1DNT-5) 214,503,503

INZs | NX

GO TO 31l

* % B) OFFSETS OF A FRAME OR STATION * *
1K=0

READ 106,K,ZT

IF(K=-1)901,403,404

READ 111, 18P(15,XE(1)
XE(1)=(XE(1)=ZORIG) /FINTZ

GO TO 901
DO 40O I=1,K
READ 111, 18P(1),XE(1)
XE(1)=(XE(1)=ZORI1G)/F INTZ

FINT=F INTZ

SEGaSEGZ/FINTZ

RORIG=ZOR G

TOT=TOTZ

DO 401 l=1,M

ZX(1)=Z(1)

XX=(ZT~XOR1G)/F INTX

DO 311 l=1,N

MAXs= | =1

IF(XX=X(1))312,312,311

CONT I NUE

I NZ=MP

DO 313 I=1,INZ

COYmA(L, 15+ACT, 2)*XX+A( 1, 3) *XX*XX+A( |, 4)%*XX**3
1F(MAX=15902,315,316

DO 317 I=1,INZ
CO)=C(1)+A(1,5)*(XX=X(1))**3
IF(IDNT=5)314,906,906
{F(1DNT-9)503,702,503

| NX=MAX+L

DO 318 I=l,INZ

(
F
0
(
F
N
0
0
(
0
F

_—OO000——00
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DO 319 J=5,INX

319 C(1)=C(I)+A(1,J)*XX=X(J=b4) )3
318 CONTINUE
IF(IDNT-5)314,906,906
314 1F(1DNT-3)905,321,321
905 DO 320 I=1,INZ
320 PUNCH 102,C(1)
IF(SENSE SWITCH 4)322,323
322 IF(!DNT-2)181,182,182
181 PUNCH 116
GO TO L4O5
182 PUNCH 118
GO TO 405

323 |F(IDNT-2)183 184, 184

183 PUNCH 115
GO TO LOS

184 PUNCH 105

OS5 YaC(1)4C(2)*XZ+C(3)*¥XZH¥XZ+C (&) *XZ¥%3
TOER I =C(2)+C (3) %2 *XZ+C (L) *3 , *XZ#*XZ
SDER | =C(3) %2 +C (L) %6 . *XZ
IF( IND=1) 406 408, 408

408 DO 409 =1, iND
D IF=XZ-2X(1)
1F(D1F~,000001) 406,406 , 491

491 Y=Y+C( 144)*(DIF)%**3
TDERI=TDER1+3, *C(I+hg*(DlF)**2
SDER {=SDER1+6.%C ( 1+4)*D | F

409 CONT I NUE

406 XZ=XZ*FINT+RORIG
RDER | =TDER | /F INT
SDER I =SDER |/ (F INT*F INT)
IF(K2) 438,439,438

439 |F(SENSE SWITCH L)410,411

410 IF(IDNT-2)437, 436,436

437 PUNCH 107,ZT,XZ,Y .RDERI
GO TO 412

436 PUNCH 109,ZT,XZ,Y,RDERI
GO TO 412

L11 IF(IDNT=2) 441,440,440

i1 PUNCH 107,ZT,XZ,Y.RDERI,SDERI
GO TO 412

L4 PUNCH 109,ZT,XZ,Y,RDERI,SDERI
GO TO 412

438 PUNCH 111,1SP(IK),XZ,Y

412 1F(Xz-T0T}497,51,51

51" PUNCH 110,S1X
PUNCH 103.RORIG,Y
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176
179

180
177
174
186
418
420
421
423

L24

L22
419

417
L28
k29
L31

L30
416
433
L3y
L35
L32

709
710

GO TO 205
IF(K3)562
PUNCH 108, F
K3=0
IF(KSR-1)17
IF({XSEG(1)=
SEGeSEGXS (1
KSR=0

GO TO 174
DO 177 l=1,KSR
F(XSEG(1)~X2)177,179,177

41 2

4,175,17
xz)17L, 8 174
Y/FINTX

SEG=SEGXS(1)/FINTX
IF(KSR-1)177,180,177
KSR=0

CONTINUE
IF(IDNT-3)186,185,185
|F(OLD+SEG-ZX{ IND+1)) 116,417,418
IF(K)419,419,420
IF(K-KIDj 419,621,421
IFCZX(IND+1)=XE(K1D)) 419,422,423
X2=XE (K1D)

K2=1
IF(K-KID)LO5, 424, 424
K | D=K | D+1

IKe | K+1

GO TO 405

I ND= ND+1

GO TO 423

(ND=|ND+1

K2=0

XZ=ZX(iND)

GO TO 709
IF(K)430,430,428
IF(K-KiD} 430,429,429

IF(ZX(!ND+1)- XE(KID))hBO 431,423
OLD=0LD+SEG

GO TO L22

OLD=0LD+SEG

GO TO 419

IF(K)432,432,433
(F(K=KiD3 432 434, 434
i F(OLD+SEG-XE(KID))b4
OLD=0LD+SEG

50 TO 423

XZ=0LD+SEG
01.D=0LD+SEG

K2=0

iF(iDNT=9)405, 710,405
XX=XZ

32,435,423
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GO TO 360
c * % E) STANDARD CUBIC COEFFICIENTS FOR A WATER LINE * *

801 KEAD 102,ZT

PULCH 107,2T

- PUKCH 120

NA={,

RORIG={0R!G

FINT=FiNTX

GO TO 8ok
503 {F(IDNT-7)811,810,810
810 DO 805 I=1,KA

I NXe= | =1

IF(S-Zx(1))506,805,805
805 CONTINUE

811 i1xX=0
506 XE(1)=C(

08,507,507
INX

oC(14b) *ZX (1) %%

Y43.%C(1+4)*ZX(1

Y3 *C(1+4)*ZX (1
XE{h)=XE(4)+C(1+L4)
[F(1-1NX)504,508,508

504 CONTINUE

508 F(IDNT-7)807, 806,806

)

)

{ )
(

i 5

507 D 1

p{ 1

X 2

3

3
g*zx(|)

IF{XS=F)23,22,22
22 X(S=F

23 V=XE(1)+XE (2)*US+AE(3)*XSHXS+XE (4) *(SHXS*XS
IF(1ONT~8)840, 841, 841
8LO XT=NS*FINTX+XORIG
PUNCH 107,2T,XT,Y,TOL
50 TO 842
841 XT=XS*FINTZ+ZOR!G
PUNCH 109,ZT,XT,Y,TOL
842 |F(xS-F)3h,205,205
34 AA=3 ,*XE(L)*S~XE(3)
AC=XE (3)*S*S+XE (4)*S*S*S
AAAR2 % XE (L)%} S*XS*XS—AA*XS*XS=2 ,*XE (3)*S*XS+AC
DER=( XE(2)+2.*XE(3)*XS+3 ,*XE (L) *XS*XS)/FINTX
Y=AAA*AAA=-TOL*TOL* (1.+DER*DER)
FF(Y)4, 12,4
H=2.*TOL
CA=Y
XS=XS+H

&
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Ly

10
12

13
14
15
16
17
807
280
281

509

820

LE(XS=ZX(INX+1))7,7, 44

S=ZX(INX+1)

GC TO 810

AAAR2 % XE (L) % XSHXS*XS=AA*XS*XS=2 , % XE (3 ) *S*XS+AC
DER=( XE(2)+2.*XE(3)*XS+3 ., *XE (L4)*XS*XS) /FINTX
Y=AAA*AAA-TOL*TOL*(1,+DER*DER)
IF(CA*Y)9,12,5

IF(ABS(H)=,0001)10,11,11

Ha=H/2,

GO TO §

XS=XS-H/2,

RAD=8 . *XE (3)*XE (L) *XS+12 % XE (L) %k 2%k XSk%2-2 *XE (3)*XE(L)*S
RAD=SQRT(RAD=3 ,*XE (4)*XE (L) *S*S+XE (3)*XE(3))
XX==,5%(S+(XE(3)+RAD) /XE(4))
IF(XX=S)14,15,15

RAD=~RAD

50 T0 13

TF(XX=ZX(INX+1))19, kb, bk

IF(XX-F)16,17,17

S=XX .

GO TO 806

S=F

GO TO 806

IF(INX)280, 280, 281

S=ROR | G

F=ZX{1)*FINT+RORIG

GO TO 282

S=ZX()*FINT+RORIG

F=ZX( 14+1)*F{NT+ROR |G

DO 283 I=2,4

XE(1)=XE (I} /FINT**(1~1)

PUNCH 122,XE(1),XE(2),XE(3),XE(L),S,F
IF(INX=-NA+2)509,509, 205

P NX=1 NX+1

GO TO 506

* * H) SEGMENTATION OF A FRAME* *

READ 102,ZT,S,F,TOL

S=(S-Z0RIG)/FINTZ

F=(F-ZORIG)/FINTZ

. NA=M

831

1.0.0-2

PUNCH 112

GO TO 903

* * F) STANDARD CUBIC COEFFICIENTS FOR A FRAME %
READ 102,27

NA=M

PUNCH 109,ZT

PUNCH 120

ROR|G=Z0R G
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4o2

800

234

231

1360

321
452

L5y
L55
L65
oty
L80

478
L53

481

L82
Ln

1.0.0-2

FINT=sFINTZ
| NZ=MP

GO TO 903

* % G) SEGMENTATION OF A WATER LINE * *
READ 102,ZT,S,F,TOL
S=(S=XORIG)/FINTX

Fe (F=XORIG)/FINTX

NA=N

PUNCH 113

GO TO 8oL

* % D) OFFSETS OF A BUTTOCK * *
READ 102,BUTTK

PUNCH 121

GO TO 1360

* % C) OFFSETS OF A DIAGONAL PLANE * *
READ 102, ANGLE
TAN=ANGLE*3,14159/180.,
SI=SIN(TAN)

C0=CO0S ( TAN)

TAN==S1/C0O

PUNCH 117

SEG=SEGX/FINTX

SEGTZ=SEGZ/F INTZ

XX=0,

I NZ=MP

GO TO 360

K= 1

K1D=1

ZXZ=XI*F INTZ+ZORIG
Y=C(1)+C(2)*X2Z+C(3)*XZ*XZ+C (L) *XZ**3
IF(IND-1) 465,454,455
Y=Y+C(5)*(XZ-Z (1)) **3

GO TO k65

DO 456 I=1,IND
YaY+C(1+4)*(XZ=-Z(1))**3
IF(IDNT-4)478, 477,477
IF(BUTTK) 480, 485, L8

2ZXZ=Z0R1G

GO TO 457

Y=Y-BUTTK

GO TO 453

Y=aTAN*(TOTZ-ZXZ)+Y
|F(ABS(Y)-.005)457,457,479

GO TO (481,482),KID

KID=2

\F(Y)473,457,457

GO TO (471,472),K
IF(Y)473,457, 474

D-68



473 (F(ZXZ+SEGZ-TOTZ)L83,L483,48L
L8L T T=TQTY
WOTO L57
L83 ULD=T
= AZ+SEGTZ
0 TO 458
L74 X=2
GO TO 475
L72 1F{Y)U76,457,475
L75 XT=XZ
XZ=XZ~-(ABS(XZ-0LD))/2.
OLD=XT
GO TO 458
L76 XT=X2
XZ=XZ+(ABS(XZ-0OLD))/2.
OLD=XT
L58 DO 459 1=1,M
IF(XZ=-Z(1))452,452,459
L59 IND=I
GO TO L52
457 XZ=XX*FINTX+X0RIG
IFCIDNT-4) 467,468,468
L67 Y=(TOTZ-2XZ)/CO
PUNCH 114,ANGLE, XZ,Y,ZXZ
GO TO L66
L68 PUNCH 119,BUTTK,XZ,ZXZ
466 IF(XZ-TOTX)L97,6L4,64
64 PUNCH 110,51X
66 PUNCH 103, XORIG,ZXZ
GO TO 205
185 IF(XX+SEG-X(K2+1))L463,462,461
L61 K2=K2+1
XX=X(K2)
324 X7=0,
IND=0
GO TO 360
462 K2=X2+1
L63 XX=XX+3EG
GO TO 324
o * % ) OFFSETS OF LONGITUDINAL ELEMENTS * »*
700 READ 124
PUNCH 124
PUNCH 125
DO 701 1=1,NP
READ 102,C2(1)
701 CONTINUE
DO 707 i=1,N
707 ZX{(1)=X(1)
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702
704
1608
722
724

725
703

1.0.0-2

K=0

TOT=TOTX

SEG=SEGX/FINTX

AX=0,

GO TO 360

ZPCH=CZ (1) +CZ(2) *XX+CZ(3)*XX*XX+CZ (L) *XX¥*%3
IF(MAX=1)1000, 704, 704

DO 705 I=1,MAX
ZPCH=ZPCH+CZ (1+4)% (XX=X(1))**3
IF(MAX=1)1000, 1000, 705
CONTINUE

7Z=(ZPCH~ZORIG) /FINTZ

GO TO 740
Y=C(1)+C(2)*ZZ+C(3)*Z2Z*ZZ+C (L) *ZZ%*3
i F(MAZ-1)703,724,724

DO 725 !=1,MAZ
YaY+C(14+4)*(Z2Z=2(1) ) %%3
|F(MAZ~1)703,703,725

CONTINUE

XPCH=(XX*FINTX)+XORIG

PUNCH 101, XPCH, ZPCH, Y

(7= XX

IF(XPCH=-TOT) 186, 205, 205

END

D-70
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Section VI

GOBACK 2
3-D PROFILE

OPERATING INSTRUCTIONS

This version of GOBACK will accept coefficients of a surface equation

such as given in Fig. D-2, modified as shown in Section IV, for end

profile requirements. The equation must be single splined in the x

direction and may be single or double splined in the 2z direction.

The following data can be calculated with this program:

— Offsets, first and second derivatives along a waterline
at a given interval

—- Offsets, first and second derivatives along a station
at a given interval

— Offsets at a given interval along buttocks as given in
Section IV-B.of this appendix.

Fortran Input Symbols

Symbol
X0

Z0

FINIX

1.0.0-2

Definition

The actual full scale coordinate of the first
station of the surface

The actual full scale 2z coordinate of the first
waterline

This value is used as a scale factor in the x
direction. If the surface equation is scaled so

the stations are one unit apart, FINTX equals the
actual full scale station interval (x,-x 1f

the stations of the surface equation a%e 9ess than
one unit apart FINIX becomes some multiple of the
station spacing. For example, if the stations in

the equation are 1/4 unit apart FINTX becomes 4 times
the actual full scale station spacing

[4(x1-xoﬂ
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FINTZ - Same definition as FINIX, except in the 2z direction
(zl-zo) .

M - The total number of points of discontinuity along a station
(points where 2z coefificients are added) including the
points at the first and last waterlines. For example,
1f a surface containing seven waterlines were single
splined, M would equal seve. since there are third
devivative discontinuities ac each waterline. If the
seven-waterline surface were double splined, M would
equal four, since there are discontinuities only at water-
lines 0,2,4, and 6 .

N - The total number of points of discontinuity along a
waterline (points where x coefficients are added).
The example used for M 1is valid except using stations
instead of waterlines.

K - The number of coefficients in the profile equation

NAB -~ This value tells the program whether the surface has
becn single splined in the 2z direction (NAB = +1) or
or double splined in the 2z direction (NAB = -~1)

SECX - Desired interval between consecutive calculated offsets
alongz waterlines, buttocks, and diagonal planes.

SEGZ - Desired interval between consecutive calculated offsets
along stations.

POINT -~ The actual full scale interval over which the end
condition is to be effective. Usually less than or
equal to the first station interval (D in Section IV)

PWR1 - In the end condition function of Section IV

P
T(x,z) =|1 ~ (w%ﬁ)tl‘
#

PWRL is the value of 1+ . It is nearly always equal
to 3 .
PWR2 - Equals the power (P) to which the function T(x,z) is

to be raised.

cz - The coefficients of the profile equations. These
coefficients must be scaled the same and have the same
origin as the surface equation.

A -~ The coefficients of the surface equation produced by
the linear program. There are (M+2) (N+2) coefficients.
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Ll 3

Z - z coordinates of waterlines where coefficients are
added, plus that of the last waterline. There are
(M-1) since the value for the first waterline isn't

included.
X - Same as Z except for stations (N-1)
ZP - If the surface equation has been double splined in

the 2z direction (NAB = -1), the z coordinates of
the waterlines where new coefficients are added must
be read in. These are ZP and there are (K-3). If
the equation is single splined in the =z direction
(NAB = +1) and these are not necessary.

IDENT - Code which tells the program what data is required
from the surface

2T - z coordinate of a waterline along which data is to
be calculated

NBOW - An indicator for telling the program if the buttocks
will be single valued or multi-valued. If NBOW = 1
the case must be that shown in Fig. D-5a, Section IV-B .
If NBOW = 2 the program will expect to find the more
complicated cases.

BUTTK - The y distance from the centerplane of the ship
to a buttock along which heights are to be
calculated

Input Data Cards

There are two distinct kinds of sets of data used for input to
GOBACK 2 . The first set consists entirely of data describing the
surface equation to the program. No output is produced from this
set. The second set of data consists of packets of data cards.
Each packet describes some information required from the surface
and gives the geometric data necessary to obtain the information
from the surface equation. Only one of the first sets of data are
entered per problem. There may be many small packets, each of
which calls for offsets along a waterline or station or perhaps

standard cubic coefficients, etc.

There are limitations on some of the input parameters of the
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program. These limitations follow:

Variable Minimum Maximum
M (no. of waterlines) 3 11
N (no. of stations) 3 15
K (no. of coefficients in
profile equation) 1 16

In describing the various data cards, the actual FORTRAN format
field description is used in most cases. These fields come con-
secutively across the card with no gaps or blank columns between,
except where indicated. The field descriptions are the FORTRAN F
field, which uses the FORTRAN fixed point decimal number, and the
I field that used the FORTRAN integer number, which is always
right justified. The card numbers are not punched on the data

cards.

First Data Set

This data set is the one that describes the surface equation

Contents of Card Card No.
The first card is a header card and may contain 1

any alphanumeric description of the problem in
columns 1-50 .

Format F15.8 Fl15.8 F15.8 F15.8 1I5 I5 15 15 2

Variable X0 20 FINTX FINTZ M N K NAB
Format F15.8 Fl15.8 F15.8 F15.8 F15.8 15 3
Variable SEGX SEGZ POINT PWR1 PWR2 NBOW
Format F15.8 next
Variable CZ K cards
Format F15.8 next
Variable A (M+2) (N+2)
cards
Format F15.8 next
Variable Z (M-1) cards
Format F15.8 next
Variable X (N~1) cards
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Format F15.8 next
Variable P (X-3)

(This set of K-~3 cards need be entered only 1if
NAB = -1 , see Input Symbol Definition)

This completes the first data set.

The coefficlients of the surface equation (A) are presented
in the following order (See Fig. D-2):

A A A

00 » Ao » Bz > Mgz 2 Bgy o v s Ayg s Ay s Apy s Agg,

A A

162 v o Bgg s By Ay s Ay Ay s eee s Ay s Ay,

Ayy s Ay s voe s Byg, ey e,

This is generally the order in which they will be received
from the L.P. Any coefficients that weren't in the final

solution must have a zero value included in the data deck.

Second Data Set

1.0.0-2

This data set contains the packets of cards, each of which
describes some information to be extracted from the surface.
Any number of these packets may be used in a problem. They
may be entered in any desired order by simply stacking them
behind the first data set in the card reader. A description
of each data packet follows. The first card for each of
these packets is an identification card and contains a
specific value of IDENT in Column 4.

Packet for Offsets on a Waterline

Contents of Card Card No.
The first card is the identification card and
contains a 1 in Column 4 1
Format F15.8 2

Variable 2T
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Packet for Offsets of a Station

Contents of Card Card No.
This card has a 2 in Column 4 1
Format 14 F15.8 2
Variable K XT

Packet for Offsets of a Buttock

Contents of Card Card No.
This card contains a 4 in Column 4 1
Format F15.8 2

Variable BUTTK

Output Data

The output data for the different types of information requested is
given below. Since the output data consists of offsets of curves
which may need to be plotted, GOBACK 2 includes cards which place
the plotter pen up or down at the proper times. The data deck is
arranged in order and punched in such a format that the deck can

be directly plotted using the plotting program of Appendix F.

Offsets of a Waterline

The first N+2 cards punched when the offsets of a waterline are
called for contain the coefficients for the two-dimensional
Thielheimer equation of the waterline. Following this is a header
card and finally cards each containing:

(1) A waterline identification (WL)

(2) The x coordinate of the offset

(3) The offset on the waterline

(4) The first derivative of the waterline

(5) The second derivative of the waterline

Offsets of a Station or Frame

Information corresponding to that of a waterline is punched. The
frame identification (FR) and the 2z coordinate of the offset

are given,
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Offsets of a Buttock

First, a header card is punched and then cards each containing
the following:

(1) An identification of the buttock

(2) The x coordinate of the offset

(3) The 2z height of the offset

(4) The point number on the frame

If the buttock is multi-valued on a frame, the points are numbered
in Columns 48 and 49 of the card. The points are numbered con-
secutively beginning with the lowest (least z ) value on each
frame. If a buttock 1s multivalued during only part of its length,
the series of numbers describing it may change as shown in the

figure below.

) _ﬂ’ <PCINT1
i

Sense Switches

All sense switches are ignored.
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B.

SAMPIE PROBLEM

The sample problem was taken from a surface describing the bow of
the DLG-26 class frigate. The surface has eleven waterlines and
five stations. It has been double splined in both the x and =z
directions. The offsets of one waterline, one station, and one

buttock have been solved for.

In this case the buttock is double valued overpart of its length.
The offsets for the two lines must be separated before plotting.

This can be done by examining their 2z coordinates.
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% % SAMPLE INPUT ¥ »*

i COMPLETE BOW DLA

0.0
13 -
1.9

2
.8562
-.272763473
{-,-O
-.6288
.1531
-, U704
-.UOMI
U
0

—

3
0

e e coCo

.0
0.
0.
- 7.16765334
15.10834002
- 3.90044334
0.0
1.37436000
5.177994L0
- 21,63735908
6.09769242
0.0
- 1.46282033
2.89710319
10.92294755
-~ 3.04203734

.01033209
- 2,33844915
- 1.72304778
.46882580

.26489650
3.81770188

1.0.0-2

9.0 5.10 8.
2, 1.275 3.

L Coefficients of the profile equation

E=—s—r.

rCoefficients of the surface equation

D-79
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.3333333



.12961316
0.0
- .57317627
- 1.54632108
2.35139965
- .65726751
0.0
.35806726
.34638152
.00715955
- ,00013420
- 04213764
- Lh6ho127
- .59797708
.23047L06
00 6782
8. .13067829 i
16.
24, Waterlines where new 2z <coefficients are
32, j to be added (z)
Lo.
10.2 } Stations where new x coefficients are
20.4 to be added
L, )
8.
12,
16. Waterlines where new coefficients of the
20. \ profile are to be added (zP)
%go (Included because NAB = -1
g%: First Data Set
0. 4 4
;8.0 } Data Packet for Waterline Second Data Set
: e
7.5 Data Packet for Station
b Data Packet for Buttock
A, B
1.0.0-2 D-20



*

.65988975
1.68165847
.08525161
-.00001677
-.01417503
IDENT, X
WL 28,00- 2,29857000
PEN DOWN 5000,00000000
WL 28,00~ 1,29857000
WL 28,00~ .29857000
WL 28,00 .70142999
WL 28,00 1.70142999
WL 28.00 2,70142999
WL 28,00 3.70142999
WL 28,00 L,70142999
WL 28,00 5.70142999
WL 28,00 6.70142999
WL 28,00 7.70142999
WL 28,00 8.70142999
WL 28.00 9,70142999
WL 28,00 10.20000000
WL 28.00 11.19999999
WL 28,00 12.19999999
WL 28,00 13,19999999
wL 28.00 14,.19999999
WL 28,00 15,19999999
WL 28,00 16.19999999
WL 28,00 17.19999999
WL 28.00 18,19999999
WL 28.00 19,19999999
WL 28,00 20.19999999
wL 28.00 20.40000000
PEN UP 6000,00000000
GO TO - 2,29857000
6.61527891
-13,.45460022
12.38146087
3.57647199

COMPLETE BOW DLG ' -

1.0.0-2

* %  SAMPLE OUTPUT * *

Y
0.,00000000

.23643444
56173237
.89278971
.23040181
57456792
.92528728

D-81

FIRST DER,
0.00000000

32099980
«32777970
33433484
34088923
« 34744285
.35399572
36054783
.36709917
+37364976
38019959
.38674867
.39329698
«39656149
.140278809
.40837277
241331553
41761638
42127531
142429233
42666742
. 428L006 1
142949187
42994122
+42995406

SECOND DER,
0.00000000

.00823214
.00655552
.00655476
.00655 400
.00655324
.00655248
.00655172
.00655096
.00655021
.00654945
.00654869
.00654793
.00654755
.00590563
.00526372
.00462180
.00397988
.00333797
.00269605
.00205414
00141222
.00077030
.00012839
0.00000000



.49019330

J1412742
~-.82734926

IDENT, z Y FIRST DER.
FR  7.50 0.00000000 6.61527891 -1,68182502
PEN DOWN 5000,00000000
FR 7.50 2.00000000 3.96518193 -.99841605
FR  7.50 4,00000000 2,50103822 -.49587176
FR  7.50 6.00000000 1.86111844 -.17419213
FR  7.50 8.00000000 1.68369324 -.03337717
FR 7.50 10,00000000 1.66291566 .01039666
FR  7.50 12,00000000 1.71646822 .04095296
FR  7.50 14,00000000 1.81791584 .05829172
FR 7,50 16.00000000 1.94082342 06241293
FR 7.50 18.,00000000 2.,06641513 06480549
FR  7.50 20.00000000 2,20655225 .07695833
FR  7.50 22.00000000 2.38075530 .09887142
FR 7.50 24,00000000 2.60854480 . 13054478
FR 7.50 26.00000000 2,91122454 17465327
FR 7.50 28.00000000 3.31723123 .23387175
FR  7.50 30.00000000 3.85678487 .30820021
FR 7.50 32,00000000 L4,56010542 .39763866
FR  7.50 34,00000000 5. 44448553 48279610
FR  7.50 36,00000000 6.47550851 54428153
FR 7.50 38,00000000 7.60583035 .58209496
FR  7.50 40.00000000 8.78810703 .59623637
PEN UP 6000,00000000
GO TO 0.00000000 8.78810703

IDENT, X y4
BK 4,00 .36766906 40 ,00000000 1
PEN DOWN 5000,00000000
BK 4,00 1.36766906 38.35546875 1
BK 4,00 2.36766906 36.87158203 1
BK 4,00 3.36766906 35.52490234 1
BK 4,00 4,36766906 34,27441406 1
BK 4.00 5.36766906 .31738281 1
BK 4,00 5.36766906 33.07373046 2
BK 4,00 6.36766906 1.21630859 1
BK 4,00 6.36766906 31.87304687 2
BK 4,00 7.36766906 1.89062500 1
BK 4,00 7.36766906 30.62207031 2
BK 4,00 8.36766906 2,37829589 1
BK 4,00 8.36766906 29,29235839 2
BK 4,00 9.36766906 2.69628906 1
BK 4.00 9.36766906 27.86230468 2
BK 4,00 10.20000000 2.82910156 1
BK 4,00 10, 20000000 26.,57812499 2
BK 4,00 11.19999999 2.81616210 1
BK 4,00 11.19999999 24,89819335 2

1.0.0-2 D-82

SECOND DER.

38692065

.29648831
.20605598
11562364
02519131
.01858253
.01197376
.00536499

.00363634
.00851648
.01339661
.01827674
.02583174
.03338673
04094172
04849672
.03666071
02482471
.01298870
.00115270



BK
Bk
BK
BK
BK
BX
BK
BK
BK
BK
BK
BX
BK
BK

L.00
L.00
L.,00
4,00
L,00
4,00
4,00
4,00
L.,oo
L.,o0
k.00
L.00
L.00
4,00

PEN UP
GO 70

1.0,0-2

« 19999999
19999999
19999999
19999999
+19999999
19999999
19999999
19999999
19999999
7.19999999
18,19999999
19.19999999
20,19999999
20, 40000000

12
12
13
13
1h
T4
15
15
16
1

6000,00000000

.36766906

2.61108398
23.02709960
2.20458984
20.85302734
1.57788085
18.12866210
.70214843
14,48730468
11,06445312
9.12500000
7.85693359
6.72802734
5.40087890
5.08984375

5.08984375

D-83

—h il h ot mh N i N b N ==t N) =—a



Section VI - GOBACK 2
C. FLOW DIAGRAM

CONVENTION

O EXIT PoINT
@ ENTRY PoIiNT

XORIG,ZORIG M,
N,FINTX FINTZ,
K, NAB

READ
SEGX,SEGZ,
POINT,PWR {,
PWR 2, NBOW

READ PROFILE
COEFFICIENTS

ReAD(I=1,M-1)
z(1)

EQUATION COEFFI-

READ SURFACE
CIENTS

TOTX=X (N)

. SAVE LAST X AND
TOTZiZ(M) {LAST 2= VALUES

NORMALIZE
X AND Z
COORDINATES

.
620

1.0.0-2 D-C4



DOULBLE
SPLINE

IN 2 DIRECTION

1.0.0-2

NORMALIZE
PROFILE POINTS

oF DISCONTINUITY
2P (1)

@EZE»
NO DOUBLE SPLINE

IN Z DIRECTION

zP(1)=2(1)
\NHERE(I=1IM)

3

Ki=1
Kz=0
K3=1
Ka=1
Ks=1
KiDo=1
X2=0

| IND=1
oLD=0
NCOMP=1

D-3%



READ
2T

FINT = FINTX
SEGX

SES% FinTx

RORIG=XORIG
- ZT-ZO0RIG
FINTZ

TOT = TOTX

2z

1.0.0-2 D-34



234

ISTRT=3> 72s2(M)

ISTRY -4
XGREA=CZ4)

\ F2Z = EUNCTION 0/
22 IN PeOKR
@ E-QUATION

* 269 F2s F'(22)
F2's F'(22)

X PLOT= X%, FINTX+X0R1G

3 (=3
= @5

<><— .
@1—-——»':51':1' XXz 2 VSTRT
7
=2 "

(D
(&

.0.0=2 D-87



1.0.0-2

CALCULLATE OFFSETS
FOR STATIONS

FINT=FINTZ
SEGZ
EG= ————
SEG= TNTzZ
RORIG=ZORIG
TOT =TOoT=Z

= ZT-XORIG

XX
FINTX

2

D-38



XLARG=

XMAX = 2 (1)
ZMAX=20RIG

cz(1)

KiD=2

*779

K5=3
XMAX=C(1)

FZ=XX
IND=2

®

oLD=XZ
XZ=X2+SEGV,

PATH FOR CALCULATIONS
ON BULBOUS BOWS

DIFF1= 1T
DERIVATIVE
OF PROFILE
EQUAT FOR
2=XZ




*¥559

SEGVA=0LD 1-X2

K4=2

1.0.0-2



1.0.0-2

*774

KS=3

'

ZMAX =XZx FINTZ+ZOR 16

XMAX=FUNCTION
OF XxZ IN
FRAME

EQUATION

. <0
XLARG=CZU

%775

XGREA = X LARG
( K4g=1
\ K5 =2

KiDz214

XMAX=FUNCTION
CF Xz IN
PROFILE

fe————{Xh ARG = XMAX]

ISTRT =1

D-91

PATH FOR
8ALCULATING

FFSETS ON
EITHER WATERLINES
OR 5TATIONS



PUNCH
PEN DOWN

XXz XX+ SEG

| K3:0

XX~ (G REA+PowD> NCOMP =2

NCCMP:z] |—————IND: 1

CALCULATE
CCEFFICIENTS
OF THE EQUAT
FERFRAM XX

C (1)
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WHEN Z=XZ

DIFF1 = 1st.
DERIVATIVE OF <0 d
FRAME EQUAT

* 589

K5=3
XMAX =C (1)

1.0.0-2

XMAYX = FUNCTION
K523 OF XxZ 1IN
FRAME
EQUATION
@ COEF =¢(D xT
XLARG= COEF
Kg=1
A K§=2
- ——
XLARG= XMAX Kip=1
NComP= 34
XZ =0
D-93



XT=X2 AT= X2
XZ3X2-Ixz-~oudl xz=xz.+/ ‘;:‘
ODaxT z OLDaXT

1.0.0-2 ' D-94



F2= CZ (1)[ o rr g g T o {500

=3
DETERMINE =4 :
T,T! T' NCOMP K8 750);
<3
*¥ 587
o *"1$ 2
X220 |u2 2= ISTRT
< =1
%586
COORDINATE 'Y COORDINATEY
CORRESPONDING! CORRESPONDING
@ TO XZ INTHE TOXZ IN THE
EQUAT. OF EQUAT. OF
FRAME XX W.LINE Z (M)

%722 % 721

Y=YxT DIFF 1=TxDIFF 1+ YxT'

% ACTUAL FORTRAN NUMBER

1,020,402 D-¢5



( =t DIF=Y-BUTTOCK

r m

* > oLD=XZ
XZ=XZ+4SEGTZ

- @

% ACTUAL FORTRAN NUMBER

1.0.0-2 D-G 3

]



[%X=|~ - 0000

X 72Xz SEGVA

‘2

Y=FUNCTION
OF XZ 1IN
PROFILE
EQUATION

Y:O
IRPER =0
SPDERI= O

&)

SEGVA=XZ-0LDZ
OLDZ =x2
xz=Xz+ SEGYA




x 277

XX= Y2
SEGTZ = ZP()-Ze ()
X PLOT = XX * FINTX+Y0RIG

1

—®

ZX2Z *XZ %FINTZ+ 20k i

PUNCH
BU TTOLK. ¥2,2XZ,NUM

e

o

XZ = XX ¥ FINTX+ XORIG

'

NUMBR =NUMBR ¢!

*4¢5
2XZ « 2 MAX '1
O
- /.o(o 1
*755 K582

. €
<> @g

* 650

EH=u(@
P
20

FUN. H
wPEN U 205
o)X PLIOT,UF




RZ = SNtz
| SEGVA=ZP@)- 2P(1)
SEGTZ = SEGVA

1.0.0-2 D-92



A FRAME WITH THE

FIND INTERSECTION OF
PROFILE

SEGVA=2(2)-z (1)

Y=FUNCTION oLbZ=xXxZ

OF XZ 1IN X2=XZ+SEGVA
PROFILE

EQUATION

1.0.0-% D-320



xm__@

[XPLOT = XZ % FLINT + RORIG]

DETERMINE | m
T, T, T NcomP

Y= FUNCTION
CF XZ IN
W.L. EQUAT.
TDERI=F' (X2)
SDERT =F" (XZ)

7 ‘ »x 252
Y- FUNCTION
e Elunr| | OFTERMINE
AT
TDERi=F' (x7) Y, RDERI,
SDERI=F " (xz) SDERI

XZ:XZ» FINT + RORIG

PUNCH
ZT, XxZ,Y,
RDERI,SDERT

1.0.n-2 D-101
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GOBACK 2 - WITH PROFILE

D. LISTING
*1205
" SUREACE GO BACK PROFIL E
b wf oy w{18),0013,170,2011),6018) ,C2(16),
100 “F\“ 123
PUISH 123
READ 101, 40R1G, 70815, FINTX, FINTZ M, N, %, KAB
HEAU 102, SESX,SEGZ,POINT, PWRl PWnZ 130w
PCE. =y rOt.T—'u*!;\/F!rTx
VPl
[Pe="4x2
0206 i=1,%
TAn teR,czl0)
200 SoLTICNE
TE=5C00,
11=6000 .
1. 305 '=1,MP
202 ;wl,,F
202 EAT 102, (0,0
305 00T
M=lAP =3
H=hP=3
DU 203 i=1,i4
READ 102,2040
F(M=1%230,232,203
232 TUTZ=2(i}
203 L(IV =20 =ZuXi G/ F I RTZ
230 DO 204 ,=1,n
READ 102,
!F(r-|)3uo 233 204
233 TOTX=X(::
204 £ (1) =(K O =NGRIGY/FINTX
340 IF(NABY3L41,341,343
341 K3=X-3
Do 342 1—1,\w
READ 102,7P(.
342 .P(|,=(LP\;;-zu%au\/FiueL
70 TC 205
343 K5=3
DO 344 i=1,1
34 ZP(1Y=2( 1)
205 READ 106, DT

Li=1

1.0.0-2 D-103
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NUMBR= 1
ISTRT=3
K2=0
K3=1
Khm1
KSm1
KSR=KS
KID=1
XZ=0,
I ND=1
OLD=0.,
NCOMP=1
IF(IDNT=1)600, 209,600
600 IF(IDNT-2)601,310,601
601 IF(IDNT-3)205,205,234
C POINT ON THE PROFILE GORRESPONDING TO W. L. ZZ
690 CALL FUNCT?1 (cz(1),€Z(2),CZ(3),CZ(kL), 72,FZ)
FUPZ=CZ(2)+2.%ZZ*C2(3)+3.*C2 (L} *z2*22
FUSZ=2,*CZ(3)+6.*CZ(k)*2Z
IF(ZZ-ZP(I))I79.I79.691
691 DO 700 I=1,KS
DIF-ZZ—ZP(I)
IF(DIF-,0000001)179,179,720
720 FUPZ=FUPZ+3.*CZ(I+Lj*DT1F*DIF
FUSZ=FUSZ+6.*CZ(I+4)*DIF
700 CALL FUNCTZz (Fz,CZ(1+k4),DIF,FZ)
179 GO TO (697,u405,265,265), IDNT
697 XX=FZ
XZ=FZ
GO TO 77
C EQUATION OF W.L. 2Z
212 DO 213 I=1,NP
CALL FUNCTT (A(1,1),A(2,1),A(3,1),A(4,1),2Z,C(1))
213 CONTINUE
IF(22-2(1))216,216,215
215 DO 218 I=1,NP
DO 219 Jm5,MP
DIFaZZ~Z(Jmk)
IF(DIF=-,00000001)218,218,82
82 CALL FUNCT2 (C(1), A(J 1),DIF,C(1))
219 CONTINUE
218 CONTINUE
216 IF(IDNT=4) 75,690,690
75 DO 76 I=1,NP
76 PUNCH 101 C(I)
PUNCH 115
GO TO 690
C POINT ON THE PROFILE CORRESPONDING TO FRAME XX
268 GO TO (571,572,572),NBOW .
572 SEGVA=zP(2}2zp{1)

1.9.0-2 D-104



GO TO 321
SEGVAsZ?Z)-Z(I)
| F(Xz-2(M))581,581,580
PAUSE 1
CALL FUNCTY (CZ(1),cz(2),CZ(3),CZ(4),XZ,Y)
IF(XZ-2ZP(1))322, 322 300
300 DO 323 |=1,KS
DIFaXZ~ZP (1)
IF(DIF-,0000001)322,322,323
323 CALL FUNCT2 (Y, c2(|+u) DIF Y)
322 DIF=XX-Y
IF(ABSF(DIF)-.OOOOI)&BO 430,326
326 GO TO (642,642,643),K1
643 IF(DIF)6L4T, 430 778
642 lF(DIF)327 430,328
327 K1=2
778 OLDZ=XZ
XZ=XZ+SEGVA
GO TO 321
328 GO TO (6h0 641),K1
640 K1=3
GO TO 778
641 XZ=XZ-SEGVA/2. .
329 CALL FUNCTI (CZ(1),CZ(2),CZ(3),CZ(L),XZ,Y)
IF(XZ-ZP(1))330,330,331 .
331 DO 332 [=1,KS
DIF=XZ~ZP (1)
IF(DIF-,0000001)330,330,332
332 CALL FUNCT2 (Y, Cz(1+1), DIF Y)
330 DIF=XX-Y
IF(ABSF(DlF)-.OOOOI)hBO 430,333
333 GO TO (6LL,6LL,645),K
645 IF(DIF)335, h30.33h
644 |F(D|F)33u 430,335
334 SEGVA=XZ~-0LDZ
oLDZ=XZ
XZ=XZ+SEGVA/2,
GO TO 329
335 SEGVA=XZ-0LDZ
GO TO 641
L30 IF(IDNT-3) 85,292,292
85 DO 84 1=1,M
K2=|~1
IF (xz-z(l))798 84,84
84 CONTINUE
798 Y=0,
ROER|=0,
SDERI=0,
GO TO 270
292 GO TO (566,566,452),|STRT

Viviwun
ODN~J
-t @ b —a
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C EQUATION OF FRAME XX
360 DO 313 I=1,MP
313 CALL FUNCT1 (A(1,1)
IF(XX=X(1))902,902,
315 DO 318 (=1 ,MP
DO 319 J=5,NP
DIFaXX=X(J=4)
IF(DIF-,00000001)318,318,83
83 CALL FUNCT2 (c(1),A(1,J),DIF,C(1))
319 CONTINUE
318 CONTINUE
902 K5=1
IF(IDNT-4)78,79,79
78 DO 80 I=1,MP
80 PUNCH 101,C(1)
PUNCH 105
79 IF(xx-C2(1))268,796,797
796 1F(IDNT-L4)798,566,566
797 IF(IDNT-4)552,780, 780
780 IND=2
GO TO 566
c * * D) OFFSETS OF A BUTTOCK * *
234 SEG=SEGX/FINTX
SGTZ=SEGZ/FINTZ
IXI=TOTZ
2Z=Z(M)
READ 102,BUTTK
PUNCH 121
IF(BUTTK) 263,566,263
263 DO 293 I=1,N
293 ZX(1)=X(1)
TOT=X(N)
NM=N
FUPZ=0
FUSZ=0
GO TO (621,597,597),NBOW
621 XGREA=CZ(1)
ISTRT=1
GO 70 212
C INTERSECTION OF BTK WITH A WL OR FR
480 Y=Y-BUTTK
4L53 IF(ABSF(Y)-,0001)457,457,479
479 Go To (L81,482),KID
L81 KID=2
IF(Y)473,457,585
585 Ki=3
GO TO 772
482 GO TO (L471,472),KL
471 6o 10 (770,770,771),K1
770 (F(Y)L73,457,474

JA(1,2) ,A(1,3),A00,4),XxX,C(1))
315

1.0.0-2 D-106



771 (F(Y 474,457,772
L73 Ki=2
772 OLD=XZ
XZ=XZ+SEGTZ
GO TO 275
L7h Klh=m2
GO TO 475
472 GO TO (583 583,584),K1
583 IF(Y)L76, u57 475
584 IF(Y 475,457,476
L75 XTmXZ
XZ=XZ~(ABSF(XZ-0LD))/2.
OLD=XT
GO TO 275
L76 XTmXZ
XZ=XZ+(ABSF(XZ-0LD))/2.
OLD=XT
GO TO 275
457 GO TO (277,452),ISTRT
U452 ZXZ=uXZ*FINTZ+ZORIG
273 XZ=XX*FINTX+XORIG
4,68 CALL PUNCH3 (BUTTK,XZ,ZXZ,NUMBR)
NUMBR=NUMBR+1
L66 GO TO (650,582,582),ISTRT
650 1STRT=2
GO TO 573
582 IF(ZXZ~ZMAX)S
574 GO 10 (573,57
575 IF(BUTTK)752,
752 |IF(BUTTK=XMAX
753 IF(XX=XMAX)57
576 XZ=(ZXZ-Z0RIG
SEGVA=ZP(2)-Z
SEGTZ=SEGVA
IF(BUTTK) 754,755,754
754 Kljm1
GO TO (585,585,473),K1
755 GO TO (640,640, 327) K1
C CHECK FOR LAST VALUE
573 1F(XZ~TOTX)60,64,64
64 PUNCH 110,S1X
65 CALL PUNCH2 (XPLOT,ZXZ)
GO TO 205
60 |IF(K3)61,u460,61
61 PUNCH 108,FIVE
K3=0
L60 IF(XX+SEG=X(K2+1))463,461,L461
L6t K2=K2+1
XXmX(K2)
324 XZ=0,

b 573

574,573,
75,575) ,NBOW
753,752

Y573,620,576
6,620, 573
)/FINTZ
P(1)
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NUMB?-I
| NDe=
C CHECK FOR FR OUTSIDE OF AREA WHERE FUNCT. T IS DEFINED
I F(XX=-POINT-XGREA)674,675,675
675 NCOMP=2
GO TO 673
674 NCOMP=1
673 Klm1
K1D=1
Kim1
GO TO (360,360C,266), ISTRT
L63 XX=XX+SEG
GO TO 324
C FUNCT. T AND ITS 1ST AND 2ND DERIV
364 CALL PROFL2 (XX,FZ,PWR1,FUPZ,FUSZ,PWR2,POINT,T,TP,TS,NCOMP)
| F(K5= 3)2726590é75°

272 1F(XZ-T0T)586,586,587

587 XZ=0.,
GO TO 452

586 CALL FUNCTI(C(1),C(2),C(3),C(4),XZ,Y)
IF(Xxz-2X(1)) 368,368, 369

369 DO 346 I=1,NM

DIFuXZ-ZX(1)

IF(DIF-.000001)368,368,346
346 CALL FUNCT2 (Y c(|+u) DIF,Y)
368 GO T0 (721,722 ,K
721 DIFF1=T*DIFF1+Y*TP

GO TO (724,726),KID
722 Y=Y*T

GO TO 480
265 GO TO (670,364,670),ISTRT
670 XX=FZ
301 GO TO (271,364,269),ISTRT
269 XPLOT=XX*FINTX+XORIG

GO TO 273
266 |F(XX-XLARG)268,267,267
267 GO TO (275,275,291),1STRT
291 ZXZ=ZORIG

GO TO 273
271 XZ=XX

SEGTZ=SEG
275 GO TO (550,272),NCOMP
550 GO TO (553,552,364), |STRT
552 ZZ=XZ

GO TO 690
277 DO 294 1=1,M
294 ZX(1)=2(1)"

TOT=Z (M)
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hMaM
X Xm XZ
SEGTZ=ZP(2)=-ZP(1)
XPLOTmXX*F | HTX+XOR!G
77 DO 370 |=1,N
K2= =1
IF(XX=X(1)) 81,370,370
370 CONTINUE
81 iF({IDNT~4)901,273,273
553 XX=sXZ
GO TO 364
C DETERMINE THE PT WHERE 1ST DER!V. CHANGES FROM - TO + IN
C THE PROFILE OR FRAME EQUATIONS
566 GO T0 (596,597,597),NBOW
596 GO 70 (589,589,598), ISTRT
598 XMAX=CZ(1)
IZMAX=ZOR |G
XLARG=CZ (1)
GO TO 567
597 SEGVA=(ZP(2)-ZP
557 GO TO (568,568,
671 IF(xz-2(M)}710
710 DIFF1=CZ(2)+2,%
IF(XZ~ZP(1))562
551 DO 563 1=1,KS
DIFmXZ-ZP(1)
|F(DIF-,0000001)562,562,563
563 DIFF1aD|FF1+3,%CZ(14+4)*D1F*DIF
562 GO TO (564, 565) KID
564 GO TO (725,725, 724) ISTRT
724 |F(D|FF1)556 555 555
555 OLD=XZ
XZ=XZ+SEGVA
GO TO 557
556 KID=2
GO TO 555
565 GO TO (725,725,726),1STRT
725 2Z=XZ
GO TO (779,690), IND
779 Fi=XX
IND=2
GO TO 364
726 1F(ABSF(DIFF1/FINTZ)-.00001)560,560,782
782 IF(ABSF(OLD-XZ)~.001/FINTZ)560,560, 783
783 IF(DIFF1)558,560,561
558 GO TO (555 559) K
568 IF(xz-Z(M))588,588,589
588 DIFFI-C(2)+2 *C(3)%XZ+3 . *C (L) *XZ*XZ
IF(XZ-2(1))562,562,776
776 DO 777 1=1,M

RT

-

(1))/2.
671),1ST

710
CZ(3)*XZ+3.*CZ(L)*xXZ*xXZ
,562,551
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DIFmXZ-Z(1)
IF(DIF-.0000001)562,562,777
777 DIFF1=DIFF1+3 . %C( 1+4)*DIF*DIF
GO TO 562
589 K5=3
XMAX=C (1)
GO TO 751
774 K5=3
CALL FUNCTI1(C(1), ( ),C(3),C(4),XZ,XMAX)
|F(xz-z(1))5 2,552,591
591 DO 592 [=1
DIF=XZ- z(15
IF(DIF-,0000001)552,5 2,592
592 CALL FUNCT2(XMAX,C(I+L),DIF
GO TO 552
590 XMAXmXMAX*T
K5l
751 FZ=CZ(1)
GO TO 364
750 COEF=C{1)*T
| F(XMAX-COEF)594,593,593
593 XLARG=COEF
GO TO 595
594 XLARG=XMAX
595 Khe1
KS=2
K1D=1
NCOMP=1
XZIO-
GO TO 275
559 SEGVA=OLD1-XZ
OLD=XZ
XZuXZ+SEGVA/2.
GO TO 557
561 Khm2
SEGVA=XZ~0LD
OLD1mXZ
XZ=XZ~SEGVA/2.
GO TO 557
560 ZMAX=XZ*F|NTZ+ZOR
GO TO (774,774, 7;
5

» XMAX)

775 CALL FUNCTi(Cz{1
IF(xZ=-ZP(1))577,
569 DO 570 I=1,KS
DIF=XZ-ZP(1)
IF(DIF-,0000001)577,577,570
CALL FUNCT2 (XMAX,CZ(I+h),DIF,XMAX)
| F(XMAX-CZ(1))578,578,579
XLARG=CZ (1)
GO TO 567

1G
5),ISIR
,CZ(2), cz(3) Cz(L4),XZ, XMAX)
77,569

v
sSIsd~d
[ - L N] =]
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XLARG=XMAX
Khm1
K5=2
KIDm1
XGREA=XLARG
IF(1DNT=4) 795,794,795
795 Xi=0,
GO TO 360
794 IF(BUTTK)622,690,622
622 GO TO (212,690,623),|STRT
623 |ISTRTm1
GO TO 212
620 ZXZ=IMAX
GO TO 273
c * % A) OFFSETS OF A WATER LINE * *
209 READ 102,ZT
FINT=FINTX
SEG=SEGX/FINTX
ROR1G=XOR |G
TOT=TOTX
DO 236 I=1,N
236 Z2X(1)=X(1)
2Z=(ZT-ZORIG)/FINTZ
GO TO 212
405 GO TO (901,70),NCOMP
C FUNCT. T AND ITS 1ST AND 2ND DERIV
901 CALL PROFL2 (XX,FZ,PWR1,FUPZ,FUSZ,PWR2,POINT,T,TP,TS,NCOMP)
70 Y=C(l)+C(2)*XZ+C(35*XZ*XZ+C(L)*XZ**B
TDERI=C(2)+C(3) %2 ,*XZ+C(L)*3 ,¥XZ*XZ
SDERI=C(3)*2,4+C (L4)*6,*XZ
IF(K2-1)L06,L408, 408
Lo8 DO 409 i=1,K2
DIF=XZ~ZX(1)
IF(ABSF(DIF)-,00000001)409, 409,252
252 PRODCT=C(I+L4)*DIF
Y=Y+PRODCT*D|F*DIF
TDER I=TDER1+3,*PRODCT*DIF
SDERI=SDERI+6 ,*PRODCT
IF(1-K2)409, 406,406
LO9 CONTINUE
406 RDERI=(TDERI|*T+Y*TP)/FINT
SDERI=(SDER I *T+2 ,*TDERI*TP+Y*TS) /(FINT*F INT)
YmY*T
270 ZXZ=XZ*FINT+RORIG
CALL PUNCH1 (2T,ZXZ,Y,RDER!,SDER!,IDNT)
L12 1F(ZXZ-TOT)497,51,51
51 PUNCH 110,S1X
CALL PUNCH2 (XPLOT,Y)
GO TO 205

[V, 1%, ]
Oy
~3\O
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497 IF(K3)52,4 2
52 PUNCH 108, r
XPLOT=ZXZ
K3=0
L1s IF(XZ+SEG=-ZX(K2+1))416,501,501
1 K2mK2+1
XZ=ZX(K2)
GO TO 432
L16 XZ=XZ7 +SEG
432 GO TO (903,799), IDNT
799 |F(XX=POINT-XGREA)552, 405, 405
903 XX=XZ
GO TO 405
c * * B) OFFSETS OF A FRAME OR STATION * *
310 READ 102,ZT
FINT=FINTZ
SEGmSEGZ/FINTZ
ROR|G=ZOR |G
TOT=TOTZ
DO L4O1 |=1,M
ZX(1)=2(1)
XX=(ZT=XORIG) /FINTX
GO TO 566
101 FORMAT(4F15,8,415)
102 FORMAT(5F15,8,15)
104 FORMAT(2F15.8.15)
oeéos FORMAT( 7H IDENT.,9X,IHZ.17X,1HY,IlX,lOHFIRST DER.,4X, 11HSECOND
c.)

106 FORMAT(IL,F15.8)

107 FORMAT(2HWL,F7.2,F14.8,3X,3F15.8)

108 FORMAT(SHPEN DOWN,F15.8)

109 FORMAT(2HFR,F7.2,F14.8 3x 3F15.8)

110 FORMAT(6HPEN UP,2X,F15.8)

111 FORMAT(2HLG, 13,3X,F15.8,3X,F15.8)

112 FORMAT(7H IDENT.,9X,1HZ. 17X, 1HY,12X,9HTOLERANCE)
113 FORMAT(7H IDENT.,9X,1HX,17X, 1HY,12X,3HTOLERANCE)

114 FORMAT(2HDP,F6.2,F15.8,3X, 2F15.8)

AIS FORMAT(7H IDENT.,,9X, 1HX, 17X, 1HY, 11X, 10HF [RST DER.,4X, 1 IHSECOND

Lo

DE
C.)

16 FORMAT(1X X, HIDENT.,9X 1HX, 17X, THY, 7X thFIRST DERIVAT.)

17 FORMAT(1X,6HIDENT. 10X, 1HX, 17X, IHY, 14X, 1HZ)

18 FORMAT(1X,6HIDENT. .9X, 1HZ, 17X, 1HY, 7%, 14HFIRST DERIVAT.)

20 FORMAT(7X,1HA, 13X, 1HB, 13X, 1HC, 13X, 1HD,9X,5HSTART, 8H FINISH)

21 FORMAT(7H’ 1DERT, |ox 1HX, 17X, 1HZ)

22 FORMAT(iF14.8,2F8.3

53 FORMAT (50H )

1
1
1
1
1
1
1
124 FORMAT(25H )
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125 FORMAT(BX,1HX,14X,1HZ, 14X, 1HY)
END
*1205
SUBROUTINE PROFL2(XD,FD,EXPD1,TZPD,TZSD,EXPD2,X1,TD,TPD,TSD,NCD

TD=( X14+FD=XD) /X1
IF(TD-.00001)1,1,2
2 DIFD=EXPD1-1,
PROD=TD**D|FD
TPD1=EXPD1*TZPD*PROD
TSD1mEXPD1*(D | FD*TD¥* (D |FD~1,)*TZPD**24+TZSD*PROD)
TD=1,=TD**EXPD1
|F(TD-,00001)7,7,4
L DIFD=EXPD2~-1,
TDEXP=TD¥**D | FD
TPD=—~EXPD2%TPD1*TDEXP
TSD=EXPD2*(D | FD*TD** (EXPD2=2, ) *TPD1*TPD1-TSD1*TDEXP)
TD=TD**E XPD2
7 TD=0,
GO TO 3
6 NCDm=1
RETURN
1 NCDm=2
TD-I e
5 TPD=O,
TSD=0,
RETURN
3 NCD=1
GO TO §
END
*1205
SUBROUTINE PUNCH1 (ZD,X!1D,YID,RD,SD,1D)
XD=X 1D
YD=YID
IF(XD)1,2,2
XD==XD
IF(YD)3,4,4
iF(YD)5,6,6
YD==YD
Go 10 (7,8),1D
PUNCH 20,2D,XD,YD,RD,SD
RETURN
PUNCH 21,2D,XD,YD,RD,SD
RETURN
GO TO (9,10),1D
PUNCH 22,2D,XD,YD,RD,SD
RETURN
10 PUNCH 23,2D,XD,YD,RD,SD
RETURN
3 YD==YD

—

WOy ®©® ~N IIN
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"
12

13
14

20
21
22
23
24
25
26
27

*1205

w N

30
31

33
*1205

GO TO (11,12),1D
PUNCH 24,2D,XD,YD,RD,SD
RETURN
PUNCH 25,2D,XD,YD,RD,SD
RETURN
GO TO (13,14),1D
PUNCH 26, zo xo YD,RD,SD
RETURN
PUNCH 27,2D,XD,YD,RD,SD
RETURN
FORMAT (2HWL,F7.2,F14.8,4X,1H-,F13,8,2F15,8)
FORMAT(ZHFR F7.2,Flk, 8 ux 1H~,F13, 8 2F15,8)
FORMAT(2HWL,F7.2,F1L, 8 3x 3F15,8)
FORMAT(2HFR,F7.2, F1k, 8 3X,3F15,8)
FORMAT(2HWL.F7.2, 1H~,F13.8, kX, 1H-,F13,8,2F15.8)
FORMAT(2HFR.F7. 2 1H-,F13, 84X, 1H~. F13. 8 2F15.8)
FORMAT(2HWL,F7.2, 1H=,F13, 83X, 3F15.8)
EgRMAT(ZHFR ,F7.2,1H~-,F13, 8.3X,3F15.8)

D

SUBROUTINE PUNCH2 (X1D,YID)

XD=X1D

YD=YID

IF(XD)1,2,2

XD XD

IF(YD)3,4

IF(YD)S5,6

YD=-YD

PUNCH 30,XD,YD

RETURN

PUNCH 31,XD,YD

RETURN

YD=a~YD

PUNCH 32,XD,YD

RETURN

PUNCH 33,XD,YD

RE TURN

FORMAT (5HGO TO,4X,1H-,F13.8,4X,1H~,F13,8)
FORMAT (5HGO TO, ux 1H~,F13,8,3X,F15.8)
FORMAT (5HGO TO, ux FIh.B,hX,lH-,FI 3.8)
FORMAT (5HGC TO, ux Flu.8,3x,F15.8)

END

SUBROUTINE PUNCH3 (BUTTK,XZ,ZXZ,NUMBR)
IF (XZ) 1,2,2

XZlm=XZ

PUNCH 126,BUTTK,XZk4,ZXZ,NUMBR

RETURN

PUNCH 119,BUTTK, XZ,ZXZ,NUMBR
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119
126

*1205

*1205

*1205

*1205

1.0.0-2

RETURN

FORMAT(2HBK,F6.2,F15,8,3X,F15,8,6X,12)
ESSMAT(ZHBK sF6,2,2H - F13 8,3X, 8,6X,I2)

SUBROUTINE FUNCT1(C1,C2,C3,Ch4,XD,YD)
YD-CI+C2*XD+C3*XD*XD+C4*XD*XD*XD
EE;URN

N

SUBROUTINE FUNCT2 (YD1,C5,DIFD,YD2)
YD2=YD1+C5*D | FD*D | FD*D | FD

RETURN

END

SUBROUTINE DERIV1 (C2D,C3D,C4D,FXD,FZPD,FZSD)
FZPD=C2D+2 ,%C3D*FXD+3 ,*CLD*FXD*F XD

FZSDm2 ,%C3D+6 ,*CLD*FXD

RETURN

END

SUBROUTINE DERIV2 (C5D,DIFD,FPD,FSD,FZPD,FZSD)
PROD=3 ,*C5D0*D | FD

FZPD=FPD+PROD*D I FD

FZSD=FSD+2 ,*PROD

RETURN

END
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Section VII

GOBACK 3

A. OPERATING INSTRUCTIONS

This version of GOBACK will accept coefficients of two-dimensional
curves, either single or double splined, as shown in Fig. D-1.

From these coefficients it will do the following:
(1) Calculate offsets
(2) Calculate first and second derivatives

(3) Plot a picture of the curve

The program is written in FORTRAN for the IBM-1620 computer. In

order to plot the results, one of the subroutines of Appendix F

must be included in the FORTRAN compiler and the hardware requirements
of Appendix F must be met.

Fortran Symbol Definitionms

Symbol Definition
RORIG - The x coordinate of the first point on the full

size curve

SEG - Interval between calculated offsets on the full size
curve
CA - Value of the offset of the first point on the

full size curve

N - Number of coefficients in the equation without
the first coefficient

L - Number of offsets given in the data, except the
first offset

K - Number of specific points where offsets must be
calculated ( O if none required)
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cX - Scale factor for plotting in the x direction
on the curve (lengthwise on the plotter). x plotted
equals x calculated times CX

CY - Scale factor for plotting in the y direction on
the curve (crosswise on the plotter). y plotted
equals y calculated times CY

FINT - The interval between the first two stations on
the original curve (xl-x0 )

A - The coefficients of the equation

XA - The x coordinates of the original data offsets
(stations) from Station 2 to the last station

XE - List of x coordinates of specific points where

offsets are to be calculated in order from least to
greatest x value

Input Data Cards

The description of the cards given below is in terms of the actual FORTRAN
format. The standard F field description - for fixed point decimal
numbers, and the I field - for integer numbers which must always be right

justified, are used. The fields given come consecutively across the card.

Card Formats

Contents Card No.
Format F15.8 F15.8 F15.8
Variable RORIG SEG CA 1
Format 15 15 15
Variable N L K 2
Format F15.8 F15.8 F15.8
Variable cX cY FINT 3
Format F15.8
Variable A Next N cards
Format F15.8
Variable XA Next L cards
Format F15.8
Variable XE Next K cards
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Output Data

The first output will be the input data punched in the same format as

it was read in, except cards 3 and 2 are punched on one card. Follow-
ing that, a header card will be punched and then the x coordinate,

y coordinate, and derivatives of the curve as required. The curve may
be plotted simultaneously with this output, or the output may be omitted
and only the plot obtained.

Sense Switch Settings

Switch 1 OFF Both the first and second derivatives of the

curve will be punched
Switch 1 ON - Only the first derivative will be punched
Switch 2 OFF - The curve will not be plotted
Switch 2 ON - The curve will be plotted
Switch 3 OFF -~  All output will be punched
Switch 3 ON =~ No output will be punched

All the switch positions may be changed any time during the execution
of the program to obtain partial data.

1.0.0-2 D-119



B.

63.75 x

1.0.0-2

SAMPIE PROBLEM FOR GOBACK 3

Input Data
0 5.0

0.125

0.G000000
-0.2068768
1.7682645
-1.9088810
2,0039195
-1.6010168
2,7202405
-0.25504729

original

Qutput

.00000000
.05000000
.00000000
.00000000
.00000000
-.20687680
1.76826450
-1.90888100
2,00391950
-1.60101680
2.72024050
-.25504720
25,50000000
38.25000000
51,00000000
63.75000000

76 .50000000

5.00000000
.12500000

— o
VI WA= = O\WOONIOWI W —

(Continued on next page)
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19.50

25.5

Coefficients

coordinates of

data offsets

19.50000000
25,50000000

11
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O oo~

89.25000000
102,00000000
114,75000000
127.50000000

X

.00000000
5.00000000
9.99999990
15.00000000
20,00000000
25,00000000
25,50000000
29.99999800
35.00000000
38.25000000
39.99999900
L4L,99999800
50,00000000
51.00000000
54.99999900
59.99999800
63.75000000
65.00C00000
69.99999900
74.99999800
76 .50000000
80.00000000
84,99999900
89,25000000
89.99999800
94,99999800
99.99999900
102,000.00000
105.0CC00000
110,.00000000
114,75000000
115,0000C000
120.,00CC0000
125.00000000
127.50000000

Y
19.50000000
19.50000000
19,50000000
19,50000000
19.50000000
19.50000000
19,.50000000
19.49886400
19.48930300
19.47414100
19.46167700
19.39101300
9.22961200
9.18208500
8.93476200
8.51419200
8.13450500
7.99801600
7.38924400
6.63805100
6.37656200
5.69371800
L4.55902700
3.47049500
3,26826900
1.83795200
0.23781400
9.54177140
8.43461480
6.46138250
L 50586050
L.40217670
2.34013220

.35073487

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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FIRST DERIVAT,

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

00000000
-.00608461
-.00836172
-.04465637
-.05046548
-.07254610
-.09466698
-.10726189
-.11123872
-.13413327
-.16820734
-, 18060960
-.20901960
-.24369906
-.26771338
-.27159293
-.33952080
~.35672312
-.38035745
-.L0608937
- 41472047
-.40760490
-.36919978
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Section VII ~ GOBACK 3

C. FLOW DIAGRAM

PRLNT NESSAGE
SET SWITCHES
THEN /PysH
ST4R 7

PUNVCH x 046,,
PIST. BErves V prs,
Pl COME TED
LB S TS, CERST
COVETAVE o
CvBTC EQuATIOA

PUNCH x ¢y Scate
ACTY QS’ L. o~
Coe sk -1,

o OF X yALUES -/

ErestT WrE_vaL 6(’_ Yo

360

X=0
— cz0=1/
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GOBACK 3
D. LISTING

c * % 2D GO BACK = . * ok
DIMENSION XA(100),A(100),B(100),XZ(100),XE(100),XEZ(100)
99 READ 2,RORIG,SEG,CA
READ 7,N,L,K
READ 2,CX,CY,FINT
PRINT L2
PAUSE
IF (SENSE SWITCH 3) 360,361
361 PUNCH 2, RORIG,SEG,CA
PUNCH2h4,CX,CY,FINT,N,L,K
360 X=0.
KiD=1
IF(SENSE SWITCH 2)701,702
702 DUMMY=PLOT(11111.)
701 XX=0,
| NDm 44
OLDX=ROR |G
Y-O.
DO 22 I=1,N
READ 2,A(1}
IF (SENSE SWITCH 3)22,36
36  PUNCH 26,1,A(I)
22 CONTINUE
DO 33 I=1,L
READ 2,XA(1)
IF (SENSE SWITCH 3) 410,39
39  PUNCH 26,1,XA(1)
410 xz(1)=(xa{15-ROR1G) /FINT
33  CONTINUE
L=L+3
IF(K)109,109,110
110 DO 104 1=1,K
READ 2,XE(1)
XEZ(1)m(XE(1)=RORIG) /FINT
IF(SENSE SWITCH 3)104,112
112 PUNCH 26,1,XE(1)
104 CONTINUE
109 IF(SENSE SWITCH 3)
400 IF(SENSE SWITCH 1)1
183 PUNCH 44
GO TO &5
184 PUNCH k3
55 YYmCA+A(1)*XX+A(2) % ( XX*%2)+A(3)% ( XX**3)
TDER I=mA(1)+A(2)%2 ,*XX+A(3) %3 *XX*XX
SDER I=A{2)%2,+A(3)*6 . *XX
IF(1ND=5)100, 66,77
66  YYmYY+({XX=XZ(1) §%*3)%A (L)
TDER |mTDER I +3 ,*A (4 )% ( (XX=XZ(
SDER ImSDERI+6 ,*A(4)* (XX-XZ (1

55,400
83,184

1))**2)
))
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77
503

78
100

203
700
185

186
81

201
202

103

88

197
3i1
402
303

308

309
302

301
310
97

312
Lo3
305
304

87
313

GO TO 100
| Nes | ND=1
DO 78 I=l, iN
TDER I=TDERI+(3.%A(1)%((XX-XZ(1=3))
SDER1=SDERI+(6.*A(1)*(XX=XZ(1-3)))
YY=YY+( (XX=XZ(1=3))%*3)*A(])
XXm=XX%*F | NT+ROR | G
YR=YY
XR= XX
RDERI=TDER!/FINT
SDERI=SDERI/(FIKT*FINT)
IF(SENSE SWITCH 3)81,700
iF(SENSE SWI!TCH 1)185 186
PUNCH 4O, XR,YR,RDERI
GO TO 81
PUNCH 4O, XR,YR,RDERI,SDERI
{ F(SENSE  SWITCH 2)201 103
IF(SENSF SWITCH 3)202,1
PRINT 42
PAUSE
GO TO 203
YR=Y7%CY
XR=XK*C X
DUMMY=PLOT(YR)
|F(XX-XA(L-3))88,99,99
|F({ (OLDX+SES)~ XA{1hD=3))87, 97,197
tF{K)301,301,311
IFiK-K155301,502,402
IF{XA( I kD= j\—AE(VID))BOI 309,303
¥X=XEZ(KID}
;F(K-K|D>55,308,308
KID=KiD+1
GO TO 5&
iF’L-1%D)303,303,302
IND=1KD+1
GO TO 303
XX=XZ{1D=3"
[F(L-i:D155,55,310
IND=10+1
50 TO &S
{F{K)30L,304,312
"fV—K.)‘BOh hOj Lo3
iriAl a3 (v:n\)sou 305,303
0.0X=0LnY+SEG

50 T0 309

OLD X=0L D X+SE5

50 TO 301
IF(X)307,307,313
iF(K=K1D03307.401,401

1.0.0-2 D=131
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Lo1 tF{OLOX+SEG=-XE(KID))307,306,303
306 OLOY=0L 0O X+SEG
a-\) TO 303
307 xx='oloy+ser- WRIG)/FINT
OLDX=0LD X+SEG
:a TO 5§

2 FeamAT(BFi5,8)

7 FORHHT(!S,I% 15)

24 ¥ MAT(3F15,8,15,15,15)

26 Uit (i6,r15,8% ~

40 Fu\.AT(B(,F15.8,3x 3F15.8)

L2 v uMAT(29H5ET SWITCHES, THER PUSH START)
L3 FORMATI16X, THX,17%, 1HY 74, T4HFIRST DERIVAT,,1X,15HSECC;.D DERIVAT

bl FORMAT(163, 1HX, 174, THY, 7, 14HFIRST DERIVAT.)
END
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Appendix E

PROGRAM FOR CONVERSION OF STANDARD
CUBIC COEFFICIENTS FOR NUMERICAL CONTROL

OPERATING INSTRUCTIONS

This program accepts coefficients of cubic equations of the standard form:

Y =A+BX + sz + DX3

X, £X < X,

with the following conditions:

(1)
()
3)
(4)
(5)

Y Units are feet

X units are feet

Xl and X2 units are feet
X, xl , XZ may be scaled

The coefficients are in the normal fixed point format of FORTRAN,
and are on cards as punched by GO BACK (See Fig. E-1)

These coefficients are converted to meet the following conditiomns

1
(2)
3
(4)
(5)

(6)

@)

Y wunits in inches

X wunits in inches

Xl and x2 in inches

X, xl and X2 rescaled - usually to full size

The coefficients are presented in normalized, excess 50
floating point format similar to that used in SPS-I for the
1620 computer.

The origin of the equation and its limits may have been
translated along the X axis.

The coefficients and limits are punched on a card along with
the appropriate AUTOMAP statement as shown in Fig. E-1, and in
an order such that the equation now reads:

Y= DX? + DX2 +BX + A

As may be noted from the flow chart, this program contains a fairly concise

1.0.0-2



TYPICAL INPUT CARDS
//’ 1.0333233) B dJ339230

00000F000000§o0000JoBo0c000000000000000000000000000000000000000000000000
TNVRZNUBBIINURAZLENBXBINIRBUBRNBINOHL20UGBTNENI2UNBUTINNVNROUBEORUINNINRIUIISTIUNN
(RR] RRRERRT RERRR! IRRRRRARE] ERRI ERRERRAREERRE] IRRRERT RRRRRRRRRERERERRRER
222222222202022222222222222222222222222222222222200222222222222222222222222222222
3333302333333333333033333303333330333330303333a089333333333303333330033333333333
R LR Y N RN RN N NN RN NN NN N RN RN R Rry CRRRN IRy
5555550 5505555555555550555555555555555555555555555555505555555555555555555555555
666666666666666666666666666666666666Hcc6H666666666666666666666666666666666666666
1171119911711 119711110017 1111 71111171171 11917111110017199171717177171717711111171711111 1)
sessslossssassssassfaoshacesossashosclosasoacaofoolBeesassshosassasBossasssasss

999999999999999999995[J9999999999999[J9999999959999999999599999BUMso99ollE93999999
1234856878 » Qe nnw

HORAWBHITHINANDDNBRAADININNBUNBERTINNGSH MHBBTRENIRVUSRTUINNROURNNTINN NI RIINISNEN

00
12
11

- -

- 5081

TYPICAL OUTPUT CARDS
S— I 3 —
il B 4323741333-3023424333 3154030323 4333333233 J.d 23
] 1 i ]

/// -47202125873 4315431135 5110332103 3037348310 23,3 ) s

000c000000000000FB000000000c00g00000000f0c00fooofooooofofocooooofoco0000fo0000000
12345828310 NBHBBNNNVN2BNBRTIBARNRDUBRURNBOQLBUSRTANNNNUUNBSHTIN0HROUBRETRINNITIININIENINRTIN
IRRRRARRRRRERREERET RERRERRT KRR | KRER] | ERREI RERERERREREI RRRRRERRRERRERRRERARRERE
22222222222222202220222222222222222222222222222222222222222022222222222222222022
93333333333333333333333333333333033333333333033309323333333330B303233303033333533
Ny E N RNy ENy NN RN RNy IY YRR v R raryy] [YeNreIeY
5555555555555555555555055555555550505555055555H55555555555555555555555555555[555
666666666666666666666666666666666666666666566666666[666666666666666666666666666
(AR R AR AR RRRR] RARRRA] RARRRRRA R AR RRRARAARRRRRI RARRRRERRAREEREEERA] FRRARRRRERE
sosssassssasonnssoschocesacssaasesncsosesfesanssasBososcosasafolassesBelosstanes

99999999999999999599999999999999999999[J999999999999999999999509895939999999999
123435678 NNDBUBRNBANNRNARRY »

PHNNIBHUIBWITHNAN b nxn BABTQOUAESOANNNLBUBRTARNNBONUSRONNINTI2DUSIAY

fam 3081

Fig. E-1 Typical Data Cards
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routine for converting from fixed point to excess 50 normalized floating
point in FORTRAN, as well as overcoming FORTRAN format difficulties in

punching the resulting numbers.

A number of sets of coefficients, which together describe a given curve,
may be processed at the same time. The AUTOMAP program requires that the
first card of a particular set be punched with a different format than
that of the others; The program does this automatically and also punches

a curve identification number in each card of each set.

The program is written in FORTRAN I1I for the IBM-1620 computer. The
variable word length feature of this version of FORTRAN has been used.

Integer numbers have been increased in length to ten digits. The length
of floating point numbers remains at eight digits.

A. Input Data
Symbol Format Card Columns Definition

lst Card N 110 1-10 No. of segments
T Fl10.1 11-20 Translation Factor
SF F10.5 21-30 Scale Factor*

2nd and Remaining Cards

A 1-14
B 15-28
A,B,C.,D 4Fl4.8 C 29-42 Cubic Coefficients
D 43-56
XB F8.1 57-64 Beginning Point
XE F8.1 65-72 Ending Point

*

The X values of the limits and assumed in the equation are multiplied
by the scale factor. Thus, the scale factor for doubling the curve
length would be 2

1.0.0-2 E-3



b. Qutput Data

Each Card

1.0.0-2

D,B,C,A

H B

ISTA

E-4

Converted Coefficients

Format Card Columns Definition
D 13-23
C 24-34
4111 B 35-45
A 46-56
F7.1 57-63 Beginning Point
F7.1 65-71 Ending Point
15 73-77

Curve Identification



SAMPLE PROBLEM - CONVERSION OF STANDARD CUBIC COEFFICIENTS

T SF
g.0

6.1:0809230
1.09581030
2.94935630
1.32651330
1.25332460

D

1.0C00C

FOR NUMERICAL CONTROL

r
e

-2.459327L0

.19681363
-.26657288
-.06371750
~.05761844

8

)
.h41387163
-.02881854
.00979693
00134469
.00117527

A

Ui.  =CU3/ 4B23741085-5020494395 5164080923 4983333333
~4720012875 4916401135 5110958103 5037846010
14668034652-4922214406 5129493563 5017251054
4593381250-4853097916 5113265133 5053314230
4581615972-4848015366 5112533246 5055753853

Innut Data
N
8
T UGHINC00
9
L,5Li52120
? 2..7012650
? 6.35770760
T 6.69046240
Output
F2
’ 52
9, 52
9, 52
, 52
9, 52
1.0.0-2

E-5

START
0.000
1.999
3.999
7.999
12,600

0.0,
23.9,
47.9,
95.9,

44,0,

3.99
7.99
12.6G0
15.999

23.9
L7.
95.

144,0

191.



PROGRAM FLOW CHART - CONVERSION OF STANDARD CUBIC COEFFICIENTS
FOR NUMERICAL CONTROL

“

Na NO.OF SEGHENTS
READ T = TRANSLATION FACTOR
N,T ,SF SF¥ x SCALE FACTOR

i

ACCEPT
CURVE (DENTIFICATIO!
ROM
TYPEWRITER

I-‘ |,N

READ

COEFFICIENTS AND

LIMITS POR A
CUBIC

SCALE,
TRANSLATE AND
CONVERT LINITS TO
INCHES

&0 TO
WeiC SUBROUTINE

i

60 TO
FMT SUBROUTINE
QNCE FOR EACH

COEF,
L
3* 4*

PUNCH COEF. AND PUNCH  COQEF. AND
LMITS IN YES NO LIMITS IN
AUTOMAP 1T AUTOMAP 2ZND
CARD FORMAP CARD FORMAP

*

2

NUMBERS with **
ARE PFORTRAWN STATEMENT
NUMBERS.
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1 C0-2

SUBPROGRAM CUBK (A,B,C,D,T,SF)

Ax A2
BnB/6F
c= e/ sF7?)
D =D/ (144 s73)

T2=T
T3=T3

Az ABXT + CxT2Z _DRT3
BaB . 2%CnT + 3AD¥TZ
CzC ~3%DAT

RETURN TO
CALLING PROGRAM|

CONVERT COEFFICIENTS
FOR X ANDY 1IN INCHES
AND FOR NEW SCALE

CONNERT THE COEBFFICIENTS
FOR “TRANGSLATION ALONG
THE X . AXIS



SUBROUT INE FMT
ARGUMENTS @ CF,J

T« 50
AF«CF
cra|cF|

J':. |
(F#0" +NF)

CF » CURIC COEFPFICIENT

T = EXCESS S50 EXTONENT
AND FINALLY THE
COEFPICIENT TO BE

PUNCHED

CFaCF® 10
<
CPeCF % 10° cr=crw i
¥
L NF=CPF fung—
»
£
NO 1o YES T=
AF <07 (7% & + NEw-)

1.0.0-2
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PROGRAM LISTING - CONVERSION OF STANDARD CUBIC COEFFICIENIS

*G810
1

3

FOR NUMERICAL CONTROL

READ 150,M,T,SF

T=T*12.

ACCEPT 149,15TA

PO 2t=1,N

REAU 1R1,4,3,C,D0,XH,X
\uq {w;*‘lz-, r’}. T
n*-((t**2.*>f,+f

CALL CUBIC(A,3,8,D,T,SF)
J1=0

J2=0

«3=0

=0

CALL FMT(A,Jk)

CALL FMT(B,.3)

CALL FMT(C,J2)

CALL FMT’D,J1)
IF(1-1)3,3,4

PUNCH 152 J1 ,J2,43,J4, XB,XE, ISTA
GO TO 2

-

4 PUNCH 153,J1,J2,J3,Jl, XB,XE, ISTA

2

— bk ok aved -
v -
O =+ WO

*0810

1
2

CONTIMUE

PAUSE

GO TO 1
FORMAT(5)
FORMAT(12X,4111,F7.1,1H,,F7.1,1H,,1X,15)

FORMAT (12HHULL —CUB/ AR 11, 7 H,,F7 1,1H,,1X,15

FORMAT(4F14,8,2F8.1)
FORMAT(110,F10.1,F10.5)
END

SUBRUUT.:.C CUBIC(A,B,C,D,T,SF)
A=A/12.

B=B/SF

C=C/ (12, %SF*SF)
D=D/ (14, *SF*SF*SF)
T2=T*T

T3=T2*T
A=A-B*T+C*T2-D*T3
B=B~2 #CHT+3,%D%T2
C=C~3,%D*T

RETURN

EMD

SUBROUTINE FMT(CF,J)
AF=CF

CF=ABSF(CF)

J=50

IF(CF-10.)3,5,2
J=J+1

CF=CF/10.

1.0.0-2 E-9
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GO TO 1

'F(CF-I o)h.6.6
JmJe1

CF=CF*10,

GO TO 3

5 JmJ+2
CF=CF*1000000,
GO 70 7

JuJ+1
CF=CF*10000000 .,
NF=CF
IF(AF)8,9,9

J= (J*100000000+NF ) *(~1)
GO TO 10
J=J*100000000+NF
RETURN

END

£

OWw O 3 O
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Appendix F

PLOTTING ROUTINES

INTRODUCTION

When working with mathematical equations for curves, particularly if
there are certain requirements on the characteristics of the curves, it
is desirable to have some type of automatic plotting device. This will
provide an accurate picture of the contour of the curve and permit a

subjective analysis of the curve's characteristics.

Tne plotting device used in developing this system consists of a small
dinital incremental plotter (CalComp Model 560-R) which is connected
directly to the IBM-1620 computer. By means of a switch, output signals
normally routed to the paper tape punch of the computer can be channeled
directly to the plotter instead. By feeding the plotter a series of
digits (0, ... , 9) which it recognizes as instructions (See Section I

of this Appendix), line increments can be drawn.

The purpose of tbe plottin~ program is to feed the plotter the series
of dinits which will cause the plotter to draw a line between any two
niven points. If enough points to describe the periphery of an object
arz made available to the plotting program in order, it will cause the

plotter to draw a picture of that object.

Plotting routines which accept data points from two different sources

are included with this repert: first, the plotting program, which reads
data directly from cards processed through the card reader (see Section
I1 of this Appendix for operating instructions); and second, the plotting
subroutine which is used with a master FORTRAN program.

The master FORTRAN program collects or calculates the desired data points,

1.0.0-2 F-1



and places them in certain computer memory locations It then calls on

the plotting subroutine which plots the calculated points.

There are two versions of this subroutine. one 1s meant to be placed in
a FORTRAN I subroutine deck (see the program listing in Section V of this
Appendix); the other is meant for the FORTRAN II subroutine deck (see
program listing in Section VI). The use and operating instructions of
each of these programs are the same (Section IIT), only the program

instructions themselves change

All of the plotting programs are written in SPS-1 for the IBM-1620 computer
The subroutine programs are intended for a machine with 60-K digits of

memory. The plotting program can be used with any size memory.

10.0-2 F-2



PLOT SUBROUTINE
METHOD

The plotter traces straight line increments along one of the eight
directions (four axes) shown in Fig. 1. The increments are .01" in the
X and Y directions, and .01414" for the inclined directions.

A punch tape instruction, 1, 2, 3, ..., 8, will move the plotter in
one of eight specific directions. Instruction O will raise the pen,
and 9 will lower the pen. +¥Y

8 1

-+ X

5

Fig. 1 Direction of Movement of Plotter



Given a particular quadrant (Fig. 2), and a specific point, the line
connecting this point to the origin must fall in one of the five cases
listed below:

Case 1 Point P ;: AY = 0
Case 2 Point Q : AX D> AY
Case 3 Point R : &AX = AY
Case 4 Point S : AY D AX
Case 5 Point T : AX =0
Case 5

¥ Case 4

A

vT /S Case 3

» X Case 1

Fig. 2

After determining the case, the problem is reduced to positioning the
point to one side of the bisector of the quadrant.

1.0.0-? ) A



For Point P having a null or less than .005 increment in the Y direction,

the procedure is as follows:

1. Round off the increment at the 1/100 position by adding or
subtracting .005 to its value if positive or negative respectively.

2. Add this rounded value to the corresponding coordinate of Point 0
and store it as the origin to determine the increment for the next
point to be joined.

3. Check for digit in the units position of the absolute value of the
increment for fast one-inch moves.

4, Check for digit in the 1/10 position for fast 1/10th-inch moves.
Test for digit in the 1/100 position for single moves.

By subtracting one from the corresponding position after each move, the

increment will be zero at the completion of the total move.

For Point R the procedure is the same as mentioned above for Point P
with the difference that both increments X and Y ..., (Fig. 2) will
be rounded off and added to the coordinates of Point O .

1

The method for plotting those Points Q having unequal increments in
X and Y 1is as follows:

1. Get the ratio of the smaller to the larger increment in absolute
value.

2. Round off the increments X and Y and add them to the coordinates
of the Point 0 to use these new values as the origin to calculate
the increments for the next point to be joined.

3. Approximate the line Bah(Fig. 3) with segments OA, AB, etc., in
the following manner.

4, Set an XY counter equal to .005
Add MN (Ratio x .01") to the counter

6. Compare the counter with M (= .01) (check for digit in the
1/100 position)

a., If the counter is greater, it means that we are closer
to the actual line going through the diagonal rather than
the horizontal line _ —
MN + .005> AM
S AM - MN <.005

(Note: The XY counter has to be reduced by MA after the
diagonal move and the cycle goes back to Step 5.)

i.0.0- F-5 .



b. If the counter is less than MA the closest path is the
borizontal line

(Note:

MN 4 .005 < AM

o‘-TA‘lM_ -

MN

the horizontal move.)

> .005

The cycle goes back directly to Step 5 after

An analysils of the moves from O to B of Fig. 3 will help to
clarify the methed

1.
2.
3.
4,

XY (cunter = MN
Move OA

XY Counter = MN -+

MN
= 2MN
XY Counter = LK

2]

XY Counter

-‘a-ﬁ -

Move AB

005 > AM
.005 - AM
.005 - AM + MN
.005 - AM
.005 - AM < AM
.005 & 2AM

005 < HK - IK

1.0.0~-

.01"




Section II1

INSTRUCTIONS FOR USE OF THE PLOTTING PROGRAM

INPUT DATA

There are three types of input cards for the plotting program:
(1) Scaling data
(2) Pen raising and lowering instructions

(3) Coordinates of data points

(1) Scaling Card

If it is desired to plot the data at some scale other than 1" = 1 unit
dimension, a scale factor must be entered with a value for scaling
X and a value for scaling Y. The plotted values are determined by:

X = X (*) scale factor

Y = Y (*) scale factor

The format for this card is given below:

Card columns Contents
1 -9 Blank
10 Minus (-) for negative X scale factor,
Blank for positive
11 - 19 X scale factor
15 Decimal point for X scale factor
20 - 27 Blank
28 Minus (-) for negative Y scale factor
29 - 37 Y scale factor
33 Decimal point for Y scale factor
38 - 80 Any alphanumeric information

*
If scaling is required, this card must be the first valid card of
the data deck.

wOnly cards with a decimal point in Column 15 are recognized by this program.

1.0.0-2 F-7



(2) Pen Raising or Lowering Instruction Cards

Cards must be placed in the deck to inform the program when the
plotter pen must be raised or lowered. These cards have the follow-
ing format. Any card which does not have a decimal point in

Column 15 is ignored.

Pen Down Card

Card Columns 1-10 11,12,13, 1% ,15 16 - 38 39 - 80

Contents Blank 5 0 0 o . Blank Anything
Pen Up Card

Card Columns 1-10 11,12 ,13, 14,15 16 - 38 39 - 80

Contents Blank 6 0 0 0 . Blank Anything

(3) Data Coordinate Cards

Coordinates of points to be plotted are presented one set to a card
in the following format. The origin of the picture will always be
the first point in the data set.

Card Columns - Contents
l1-9 Blank or any alphanumeric information

(ignored by the plotting program)

10 Minus (-) if the X coordinate 1is
negative, blank 1if plus

11 - 19 X coordinate of point to be plotted

15 Decimal point of X coordinate

20 -~ 27 Same as Cols. 1 -~ 9

28 Minus (-) if the Y coordinate is
negative, blank if plus

29 - 37 Y coordinate of point

33 Decimal point of Y coordinate

38 - 80 Same as Cols. 1 - 9
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SENSE SWITCH SETTINGS

Switch 1 ON - All values of X and Y will be scaled by
multiplying them by the scale factors given on
the first card

Switch 1 OFF - Values will be plotted "full scale," that is, each
inch on the plot will be equal to 1 unit of the

coordinate dimensions. No scale card used.

PROCEDURE
The following sequence of events takes place when using this program:

(1) load program deck and data deck in card reader, including a
scaling card if desired

(2) Push load button on card reader, causing the program to load

(3) Program loading is complete when the typewriter types the
message, "Switch 1 On to Scale"

(4) Set the switch as desired, pushing "start" will execute the

program

1.0.0-2 F-9



SAMPLIE PROBIEM FOR PLOTTING PROGRAM

SAMPLE DATA FOR PLOTTING PROGRAM

o5 o5

2. 2.

6. 2,

. 6.

2, 6.

2, 2,

3. 3.
6000, 0.
5e 5e
5000, 0.
6 .
6000, 0.
6. 2,
5000, 0.
5 3.
6000, 0.
2. 6.
5000, 0.
3. 5.

5. 56

5. 30

3. 3.

3. 5.

FIGURE PLOTTIED FROM SAMPLE DATA
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USE OF THE SUBROUTINE IN A FORTRAN PROGRAM¥

The calling sequence for the plot subroutine is:

X = Any expression
Dummy = PLOTF (Y)

Where:
X = Coordinate X of the point to be plotted, This value
must be on the right-hand side of the inmstruction
preceding the plot instruction. This is to place this
value in FAC (Floating Point Accumulator).
Y = Coordinate Y of the same point
Dummy = Any floating point dummy variable not used in computation

a. Dummy = PLOTF (11111.) is an instruction that must be placed at
the beginning of the program. This will set the subroutine to
starc, put the pen down, and ready the subroutine for a set of

data.
b. Dummy = PLOTF (50000.) will only put the pen down
¢, Dummy = PLOTF (6000C.) will put the pen up

Instructions b., and c., are complete by themselves and do not require

any prior inscruciion.

Attention is called to the fact that the origin of the plotted figure is

automatically set as the first point.

This subroutine can only handle X and Y values having up to three
integers (at the moment they are stored in FAC and argument, respectively,

ready to be plotted).

*The User should refer to the FORTRAN Manual for the procedure to incor-
porate this subroutine in the library subroutines deck.



* %k SAMPLE FORTRAMN PROGRAM * oK

c SAMTLE PROBLEM FOR PLOT SUBROUTINE
JUL 10=0
o SET THE PLOT SUBRCUTINE T0 INITIATE
1C CUMiHY=PLOTF{11111,)
FEAD 100,5CALY,SCALY
¢ ALAD I X AND Y COORDIMATLS .+ THE POIRT
11 RFAD 100,X,Y
o CHLCK FO2- PEM UP 0P DOWN
IF(X=50C0,)12,13,14
n PUT THT PEN DOWN -

i3 DUMMY=PLOTF(EC000,)
GY TC 11
p PUT THE PEN UP
15 SUMMY=PLOTF(62000,)
50 70 11
12 Yay®s04ty
PENC AL
DURHMY = TR Y)
a6 T 1
100 FORMAT(8Y,F15,8,3),F15,8)

FED
* oK Kk SAMPLE DATA * %

o5 o5

29 . 0

5 2,

N 6

2 6.

',. 2“

3 3.
o, ¢,
Ba 5.
5200, ou
£ b
TN C
RN »
T 3.
t'v('cOn '»;0
2e (e
5oce, U,
30 5-

5. 5

Se _3-

3 3.

3a 5a

10000" '.12
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Section IV FLOW DIAGRAM FOR PLOTTING PROGRAM

PRiINT
"swiTel ¢

oN 1o ScAt '

REa0 A
CARD
X, Y

CHe-ck FoR
rio PRESENEOR A ONly CARDS WIth A
PRCiMAL  Poiny OE-CiMAL Pom\g W col |5 AR®
IN Colomn \S RECOGNILED BY THIS
oF THE caRD PROGRAM
=) CB [
AY 1S THEY
No FACToR
okf

1.0.0-2 F-14



FLOW _CHART OF PLOT SUB ROUTINE

INITIATE *
@/ COUNTERaO

b) PEN DOWN

y AXuAY 50

/R LY SIS

€/ RCNTR aY(NTRsO
/) XYCNTR = <005

Je0-2

i

= HAIN PROGRAM ol

F~15

COUNTER+ {

CONVERT
R &Y PLOATING palip—emee)
TO FiX

C(=
=i

STORE X ¥ Y «
IN X0 K YO




BB

STORE X kY
IN Xt ¥ ¥4

XCNTR =0
Y(NTR =0
XYCNTR =0

SET PILL AREAS
FOR FAST MOVE

=1

ROUND OFF
AY

AX= %Xt X0
AY = Y{. YO

XOUT =7
YOUT =1
XY OUT =8

SET FILL AREAS
FOR FAST MOVE
=95

ROUND OFF
AY

UUn2

YO = YO+ AY

STORE | Av|
IN XCNTR

XOUT a7
YOUT =5
XY QUT =6

ROUND OFF
aAX

SET FILL AREAS
FOR FAST MOVE
-7




ST FILL AREAS
FOR FAST MOVe
= 3

ROUND OFF
ax

STORE A x|
IN X CNTR

X0 = RO+ AX

aTOL 0
s

AXQUT = B
YouT= %
XY OUT « 4

XouT= 3
YOurai
RY QUT = 2




XYCNTR « O}

RATIO=
[8%/avhw 01
=TOL
! ROUND OFF
e

Ax & AY

XO = XO + AX
YO = YO+AY

RATIO =
[*%axlw 00

O

PULSE XOUT

XCNTR = |ax|

XYCNTR = XYCNTR +

RATIO

YCNTR + <Ol

XCNTR - <O}

Y02




SET FiLL AREAS
FOR PAST MOVE
= XY OuT

XCNTR - 10

DIGIT IN
THE TENS POSIT.
XCNTR

,PULSE
" Move

XCNTR = |

DIGIT IN
THE UNITS POSIT,
XCNTR

NO PULSE
1" Move

XCNTR =}

DIGIT IN
THE Y0 POSIT.

XCNTR

PULSE
ho" Move

XCNTR - «O)

X INTR 2O
YLNTR =0 . ?U'l‘.QE
XYUNTR =0 /100" MOVE




PULSE XY OUT XYCNTR ~ «Ol XCNTR +-0l

PULSE Y OUT Y UNTR = :Of

KYCNTR = XYCNTR + RATIO

YONTR = |av) PULSE 3

PULSE 7

U0=2 £«20
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Appendix G

PROGRAM FOR SHELL DEVELOPMENT FOR SHIPS' HULLS
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Section I

INTRODUCTION

This report gives a detailed description of the input/output, operating
instructions, and computing procedures (flow diagram) of a shell
development program.

The program was written to provide a more accurate and economical
method of developing shell plate than the graphical method now employed
by the shipbuilding industry.

The development is made from a table of final lofted offsets which
locate the plate on the hull surface. With these offsets, the program
computes a set of two-dimensional coordinates which represent points on
the perimeter of the plate at each frame. These points, when plotted

and faired, can be used as a pattern for cutting the shell plate.

The program is written in FORIRAN for an IBM~1620 computer.

1.0.0-2 ' G-1



Section II

THE PROBLEM

The process of developing shell plate separates into two distinct
portions: S
(1) Calculating the true lengths of line segments on the
hull surface
(2) Assembling these calculated line segments into the shape
of the plate to be cut,
The information necessary to solve the problem i8 a complete table of
offsets, including those at the plate sight edges,

FINDING THE TRUE LENGTH OF THE LINE SEGMENTS

Since the equation of the hull surface is unknown, the equation for
each line segment is also unknown. The curve must, therefore be
approximated by passing a known function through the data points. The
length of the known curve in that interval may then be found.

The method which is presented is independent of this approximating
function. Because the equation for passing a circle through the given
points is simple and convenient to calculate, circles were used for this

purpose. Other functions, such as parabolas, could be easily substituted.

Any three points in three-dimensional space are co-planner. For this
reason it is most convenient to fit the approximating function to groups
of three offsets at a time.

This equation is most accurate if the plane passing through the three
points is very nearly perpendicular to the center plane of the ship,
i.e., the projection on the centerline plane of a line passing through
the three points is nearly straight. This condition is met by points

1.0.0-2 G-3
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along frame lines and along plate sight edges.

In finding the length of lines such as Line 7 of Fig. 1 (Page G-12 of
this Appendix), this condition is only rarely met. Usually the coordi-
nates of the line of Points Bl e Bi are much closer to one edge of
the plate than to the other edge. In this situation the plane passing
through the points necessary to find the arc length (Points C0 . 81 s
A2 for Line 7) intersects the centerplane at some angle very different
than 90°. A circle passing through these three points would project as
an arc on the centerplane. .The length of the line obtained would be in
error by the amount the projected arc exceeds the length of projected
straight lines between the points.

For this reason, the shell plate for finding the length of these lines
is assumed to be a cylinder, and the arc length found using the method
of Section IV of this Appendix.

Establishing the Flat Plate Contour

Once the true lengths of the 'curves have been found, they must be
asgembled to accurately detefmine the shape of the flat plate. This
procedure is accomplished by triangulation (See Fig. 1, Page G-12).
Since the lengths of the three sides of each of the triangles are known,
the triangles are completely determined. The procedure then becomes
that of assembling these triangles and solving for the coordinates of
points on the periphery of the plate which determine its shape.

An outline of this procedure is given in Section V.

1.000-2 G“
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Section III

8 SING A CIR INTS

Length of the circular arc constructed through three arbitrary points

Objective: Determine the length of the arc A given only the coordinates -

of the three points 1’1 , ’2 ’ P3 .

s1 ’ 82 ’ 83 can be calculated from the well-known formula for the
distance between two points, i.e., -

8 = W‘a"l)r" “3"'1’12 “3“1’T

5 V)’ + oprp? + 202

8y = }r"z"l)z + “2"’1)2 + (2g2,)?

For the present, assume R (Radius of Circle through Pl R 1’2 , 1’3)
is known.

L.0.0-2 ‘ G=5
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The ptoblemmw becomes: Determine A as & functionof 8 and R
only. The length of an arc on a circle is equal to the product of
the radius agd the central angle determined by the end points of
this arc. In the immediate application this implies:

(1) A = RT

T must now be expressed in terms of S3 and R.

Employing the law of cosines with respect to triangle
Pl Q P2 , it can readily be seen that:

2 =28 - 28% cos (D)
or

53
- - 1 - cos (T)

2R

Using the identity Sinz(TIZ) - 1/2 « 1/2 cos (T)
above expression becomes
Sto? T/2 = s§/4&2

or
Sin T/2 = S,/2R
Equivalently
) T=2 s 5,/20
Combining (1) and (2) the expression for A in terms
of S, and R 1is obtained:
1

3 3§ = ——
3 A = 2R Sin T

10000“2 G"6
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Using & trigonometric series:

%) Sin” (x)-x+-é—+ ’5‘5

9 1.;0:.202.!11
24°68°9 T 24°68°10°11

‘The argument X must now be expressed in terms of S3 and R.

Utilizing law of sines with respect to U P1 P2 P3 :

S

3
SinU - Diameter of cirqumscribed cirglg

Jo 8
3
Siny - 2R
(5) % - ZginU
3 ¢
Using law of cosines with respect to U P1 P2 P3 :
2 2 2
3 = S2 1 - ZS1 S3 Cos U
2 2
Cos U= S2 S1
281 82
also
$1n2U = 1-Cos U .
2 2)
S, + S8, -8
(6) S1n%U = 1 - 52 3
as? &2
1 "2

L] L
[ ]
&
A
“»
w NN

1.0.0=2 G-7
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Best-2 F]
ERF

2 o2
48, 5, -
X = S§ -[ li

g2

1

Combining (3), (4), and (7), the finsl expression for arc
length becomes:

x . 3 5. 35 63
A=s, (1 +3% Y * 7l x’ ¥ 2848128 + 2816°32°32 x’)

Replacing 83 by 8, in (8) and (9) would give the arc length

between Pl and P3 » etc.

G-8



SECTION IV

DIAGONAL ARC LENGTH APPROXIMATION

The following describes the method used to find the arc lengths of
certain lines (See Pig. I, lines 3, 7, 10, 11 of Section V).

Known : Pl,Pz, 23,1’5
80-11-13

£ (Xo1YorBe) ~

,? (XJ)YS ) }3)

E=V(r-x)v(2,-2)" 5 FNOFRYelz-aY; H=\6-v e 2,-2)

(1) 6=Wre-%Y+(2o-2,F (2) D=WVa-%)#(25-2,)*
a_g = Xz‘x,

Knowing lengths of E,F, and H , arc lengths Pl Pa and PloPS can be
computed using (1) and (2) with the method described in Section III. .

Then using the Pythagorean theorem: P4 « V(ee)"., ( g‘a)’-

RR = WRRY+ (ARY

1.0.0-2 " 6-9
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Section V

Aty
"

LR ]

0 NE OF THE ANALYTIC PROCEDURE FOR ESTABLISHING
THE FLAT PLATE CONTOUR

In Fig. 1; Line Cyr Cps oo » Cy and Line A, A, cov , A
are on the upper and lower sight edges of the plate; Line Bo’
'l' ves 5 18 citheg a waterline or buttock line which passes
reasonably close to' the mean line between the sight edges.

The following assumes the coordinates 9! Points Ao’ ces Ai:
'o’ coe s Bl‘ co, ‘e c1 are known on the ship's hull
(heights and half-breadths), and also assumes that the arc
lengths between the points have been calculated uwsing Appendix

I«A, or some similar methed,

B, is the plate origin (See Fig. 1) and {ts coordinates are

therefore known., Line BOBI is assumed to be parallel to the
X axis

io ,1 ’ 'o Ko ’ llxo are known

1
8 "2 t!oul. + 3K, + BED
%

. .
ro © % [(so - 'o il) (so - I;A_o) (S° ® ’le)

_2 2
cos p = (BB) + (BA)

2 BE) GIp

2
- GFy

1 Coordinates of Point Ao

G-11

i



k
¢

i
«
4
d
E
¥
B

)
. ‘ 1 - Ag ———
) ‘h—'ﬁ' x .. . ' : ) A‘

. Note: Circled numbers indicate order that triangles are

- used in triangulation process.

M. 1 Method o rla:e s.gnnution for lot:ing by

Rimuluion

).
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-( .' s Arctan i 2r 7]
“
5 - TN 2
r
1 o -]
| 8° ° lo !l i

'ocb , '10 Known

1 . - e—
5 =1 GF + 3T +35)

' ¥
T -[%1 (s, ~EX) (5, -3 (’1"-6;!;)]

. 2 2 2
- al'o) + (lono) - (P13

cos p 1
Z
257 (BT7)
2r.8 )
4
A
"B Bl .
° } Coordinates of c,
C —— '
ox = co'o Icou p 1

»wl.13



Tl = Arctan 2r

1

2 o 171
1 b
" [52 (8 = BjA) (8, = AA)) (5, - A1”1)]
B
-1 AX ’
= tan [+]
Ao =
[«]
‘ 32 = Arctan -Zrz 7]
8, - rlxl

9‘2 = 90° . To - Xz - po , Wwhere on is negative

Xy - 90° - 'Co +B,- ¥, » vhere AX is positive

or Zero

1.0.0-2 g1k
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¢

&

H
8
i
;
H

1.000"2

Aly - A oY + 1:!1 lin’(z
Coordinates of Al

Ax = on +AA co-o()

C 'EIEI Known

Y. = Arctan [ 2x

r4

L (Ss - 56 _

p
"

. ftl + ‘X3 + A - 90° , where C X 1is negative

oy = fl'l - Pt Y, - 90° , where C_X 1s positive

or zero

3

[2]
[
<
[ ]

A
Coy + 'C:Cl sin

Coordinates of dl

(2]
-
]
[ ]

C°x+'C:Bl cos pk3

G-15



k
2 2
A].C1 - [(Clx - Alx) + (Cy - Ayy) ]

>\4 - g., vwhere A,X = CX

C,Y - AY
xl.- t.n-l -L——l
4 cx Ax where Ax<cx

C,Y - A Y
N, = 180°
4 Ax-cx , Where A1x>clx

1
S, =7 (AC) +AB, +B,C)

) — —_ - k
" " [%4 (S, = AC)) (5, - ABy) (5, - Bz"1)} B

P4 = Arctan |24

Vs, (g"‘a‘ =Py = R

Byy = Ay + ABy sin YS

. - Coordinates of 32
B,x = Ax + KB, cos Ys .

: X

1.0.0-2" S eeiET



Rs“; (5. - A.B.)(S, - B.A)(S. - ALK
5 5 ° 71727195 T Pafip/i%g T Mty

6'5 = Arctan |2r

?s =Xs - §5

( Azy - Aly + A1A2 sin 35

_— Coordinates of Az
Azx = Alx + A1A2 cos fs

El‘ = Arctan 2ra

: 1.0.0-2 G-17



1.0.0-2

-~

66 = Arctan

?6 = G - Y
C,y = C;y +C,C, sin 76

Coordinates of 02

C,x = C;x +C,C, cos T

REPEAT FROM LOOP FOR NEXT TRIANGLE, ETC.

.'._1‘ ;"Bq

G-18



Section VI

SHIFT OF SIGHT EDGE

In manual methods of shell plate development, the neutral plane is
graphically projected to define the equivalent flat plate pattern,

The neutral plane is determined, conventionally, by a point 1/2 t from
and normal to the molded line of the plate, where t = plate thickness.
This is necessary since the finished mold loft offsets lie on the mold
line, which is normally the interior surface of the plate. The point
which is the intersection of the plate edge and the mold line is called
the sight edge offset, as shown in Fig. G-2.

To exactly duplicate the foregoing in a computer program, calculation
of the slope of the curve would be necessary to establish the normal

to the plate through the sight edge offset. This complication can be
avoided entirely by permitting the final plate sight edge to deviate
slightly from that provided by the loft. Of importance is that the
deviation in sight edge on one plate is entirely compensated for on the
adjoining plate. The plate itself remains in exactly the same position
on the hull. Fig. G-2 shows the method employed in the computer
program wherein the neutral plane is approximated by finding the point
which is 2£ from the sight edge offset along the plane of measurement.
Whether the projection is to a vertical plane or a horizontal plane
depends upon whether the sight edge offset is defined by the mold loft
from waterline half breadths or buttock heights, respectively.

It is obvious that no shift of sight edge will occur where the slope

of the mold line is either zero or infinite. For all other slopes, the
deviation varies as the cosine of the angle of tangency, with maximum
deviation occurring when that angle equals forty-five degrees.

1.0.0-2 G-19
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In a one=half inch shell plate, the maximum deviation would be slightly
less than one~fourth inch. Since such a negligible shift in sight edge
permits a substantial simplification in the computer program, its adop-
tion 1s considered justifiable.

The foregoing is presented in detail, since the computer method produces

a result which deviates from conventional lofting methods. This deviation
must be known by the loftsman, otherwise it will appear that the computer
solution produces a measurable error in some cases, when checked in the
loft by conventional methods. Purther, if both computer development and
manual plate development are done on the same ship, the manual method
must conform to the computer method in order to achieve compatibility.

1 . 0 . 0-2 6-20
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Section VII

INPUT AND OUTPUT

When shell plating is placed on the ship it is butted or joined between
frames., Because the offsets are provided on the frames only, the
computing methods used in the program require that the offsets be given
one frame ahead of the butt at the start of the plate, and for two frames
beyond the butt at the other end. This, then, means that for a plate
covering twenty frames, offsets for twenty-three frames are needed.

The offsets provided by the loft are given for the upper and lower sight

edges, as well as for a waterline or butt line on the plate which passes

between the sight edges. The program provides for a maximum plate length
of fifty frames and a minimum of two frames.

The offsets are given in feet, inches, eighths, and sixteenths, and are
in the form X, Y, and Z , where X 18 frame spacing, Y is half-
breadths, and Z 1s height. When the plate is on the bottom of the hull,
the -;- (detailed above) value must be subtracted from the Z terms.
However, the program was written so that % is algebraically added to
the Y terms; consequently, the X and Z values are reversed on the
input data cards, and the % input is made negative.

The punched output containing the coordinates is in a format compatible
wich the input format requirements of an existing program which will
plot these points for fairing. However, the coordinate information can
readily be used to manually plot the traces of the plates.

1,0.0-2 G=23
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Input Format
The card format for X., Y, and 2 , is as follows:
.
[T}
& !
§33%
W o oo 8
I3 12 11 12 .E? I2 11 12 13 121112
X A Y

A complete input data deck is constructed in the following manner:
13 13
The first card is the plate identification, e.g., D-bb7, B-bl4,

13
D-101, ... . The second card contains the number of frames of

the plate (I3 format), and the plate thickness (F7.4 format).
The third card will be the start of the offsets, as previously
described.

The offsets for the upper edge of the plate must be first in
order, followed by the middle line offsets, and finally the
offsets for the lower edge.

Qutput Format

The first card of punched output is the plate identification, which
is identical to the first card of input data. The remaining cards
are the X-Y coordinates of the plate. The coordinates of the upper
edge on every frame are punched first, and then the cooresponding
coordinates for the lower edge are punched. The computed coordinates

are in inches at one-tenth scale., The cards containing the upper

1.0.0-2 Gw24



edge points have a format as follows:

13 F9.3 I3 F9.3
XU (n)=+XXXX . XXXb YU (n )+XXXX , XXX

XU and YU being X wupper and Y upper

The cards for the lower edge have the same format, except XU and YU

are replaced by XL and YL (X lower and Y lower).

Operating Instructions for IBM-1620

1.
2.
3.
4.
5.

6'
7.

1.0.0"2

All switches to off and program

Clear memory and reset

Sense Switch 3 'ON, if printout of lengths is desired
Load Object Deck and push "Load" Switch on 1622

Load Data Deck(s) on command, "load data" message printed
by typewriter, and push "reader start" switch on 1622

Load Punch Hopper and push "punch start" on 1622

Data processing is complete when (a) all data cards have been
read properly, (b) output has been punched, and (c¢) a "reader-
no=-feed" light on 1620 console

A non~-process runout of the 1622 card punch must be made to
obtain the last-punched output card

Sense Switch 3 ON - Load program, load data, and execute
A 1.4 min/frame

Sense Switch 3 OFF - load program, load data, and execute
= 1.04 min/frame

G=-25
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Section VIII

SAMPLE PROBLEM

Figure G-3 shows a set of input data for a shell plate to be developed.
The form on which this data is recorded was developed for use by the manual
loft. Below is the listing of the coordinates of the pattern developed

which was typed as the program was executed.

Output (From computer typewriter)

Listing of the coordinates of the pattern developed

A- 10A
Xu( 1)= .oo18vu§ )= 5.,2069 FR 116 A
XU( 2)= 2.4018YU( 2)= 5.2006 FR 116 B
XU( 3)= 4,8018YU( 3)= 5,2014 FR 116 C
XU( k)= 7.2019YU( L4)= 5,2011 FR 116 D
XU( 5)= 9,6019YU( 6)= 5.,2019 FR 116 E
XU( 6)= 12,0019YU( 6)= 5.,1958 FR 116 F
Xu( 7)= 14,4020YU 7;- 5.1972 FR 116
Xu( 8)= 16,8021YU( 8)= 5.1924 FR 117
xu( 9;- 19.2022YU( 9)= 5.1936 FR 118
XL( 1)== - ,0004YL( 1)== 3,6794 FR 116 A
XL( 2)= 2,3995YL( 2)=- 3.,6797 FR 116 B
XL( 3)= 4,7995YL( 3)=- 3,6799 FR 116 C
XL( L)w 7.1995YL( L)m- 3,6792 FR 116 D
XL )= 9,5995YL( 65)=- 3,6795 FR 116 E
XL( 6)=  11,9995YL( 6)m= 3,6792 FR 116 F
XL 7)= 14,3995YL( 7)== 3,6793 FR 116
XL( 9)= 19,1995YL( 9)=- 3,6852 FR 118

1.0.0-2 G=27



R A
Saction IX

oy

. - om e Wy

READ OFFSETTS IN FORM OF FEET | ADD i

INCHES ,EIGHTS & SIXTEENTHS & (/2 puaTe | [L.0
CONVERT TO FEET & DECIMAL THICKNESSI |3 =)
FRACTIONS THEREOF. RESULTING |10 Yy3 ! [ N2 ¢ N.2

--—J

NOTATION 18 Xy , ¥y .27y | OFPsETs '

COMPUTE TRUE LENGTHS BETWELN FRAMES ON UPPER EDGE

POR 1= {,N2
Lalel

5¢i o (X142,3 - xm)‘ . (Y;.z,; - Yx,:)'* (Z142,3 - 11.3)'

$C2 (X141 3- "x.:)'* (Vxn,a-Yl.:)' + (Zu az -zx,a)'

8¢ w(X142,7- X341,9)" # (Y142,0 Y2, na)ts (R1+2,9- 224 L)

sc(L) » A ..®
Rev 1,

8 24-€2 @29
140.0-2



COMPUTE TRUE

LENGTH BETWEEN

(L L

2" FRAMES ON MIDDLE LINE OF PLATE

lel
Ja2

$B1 w(Xp4a,5 =Xy ) + (Yna.: -Y:,J)a"' (Z142,3 - ZI,J)z
$82 = (X1a1,3 = %1,3)'+ (V1413 =V2,3)**+ (Z1a1,7 - 21,3)
583 @ (X1427-%741,3) 4+ (V142,35 Y1413+ (Z102,5-21,1,5)"

DOIS I« i,N2
Le L4l

Ju

3
L=O

13

SBlasA)d

COMPUTE TRUE LENGTHS BETWEEN FRAMES
ON LOWER EDGE OF PLATE

IN = 2

Al = 8B
A2 = 5B2
A3 =$SB>
Ab =582

SAlm(X142,3-%1,3)" #(Y242,3-Y1,3) +(Z142,5-21,9)°
$AZm(X1y1,7=%1,5) 4 (V241,3 ~¥2,3)* +(Z141,7- 21,9)°
SAD a(Xte2.3-%141,3)" + (V142,53 = Y70 1,3)24 (Z142,3 = Z101,5)°

DO 18 Ial,N

Jmi

Lelblet

L=0Q

SA(L)=A2

INa 3

Al = SA)
A2 = SA2
A3 =5A3
Ab = Sa2

COMPUTE TRUE LENGTHS BETWEEN UPPER & LOWER EDGES

Rev.,

1.

SCAw(Xy 302 =X1,3)* +(V1,502-Y23)* * (21542 -213)"
$CB w (X1, 341 =X1,9)* 4+ (1,341 - ¥1,3)* +(21,30 =23 ,3)*
$BA a(kr 302~ %1301 #(¥1 302 = Y1 300) +(Z1 502 =25 340

8-24-62
1.0.0-2

INz 4
Al=s SCA
A2:5CH
A3aA4
Ad = SBA
AL=3CH




"7

ACB(L) = &3

XK =2 A2 Al +2 AR A&+ 2 A4 Al ~a2d <40t 2

COMPUTE DIAGOMAL TRUE LENGTHS

X% = X% /A2 Al

[

AD =~ 1+ XR/24+ 3XX*/640 + SXXY/TI6B ¢ ... ..

L.+ 35XxY/294912 +63XXT/2083584
A3 = AVt A3

||a -

I ABA(L)=A3 I

|‘ J= ) I
-0

ob2al1= N2
L L+

FROM UPPER & LOWER SIGHT EFDAES TO MIDDLE " LINE OF PLATE

CA =(Yr, 302~ Y2, 7)% + (21,342" 21,3)2
€8 =(Yy, 30" Y1,3)* + (21,542 21,7)°
BA 3(Yr, 742" Y1, 301)* + (21,342 21,340
Bl =( Y141, 741" Y1,3)% +(Z1e1, 341" 21,7)?
BAl =(Yr41,741° Yl,:)z +( Ry, T41m 21, 342)°

Al s CA
Az = ¢B
A3 « BaA ""'*4€illi’
AG = <CBI\
-

6-31



19

osce (\.) = ‘\/;.3" + (Xnn, Jel” "1,:4-1)2'_‘

21

0568 (L) = VA32 4 (K14, e1- X1, 741)° I

TABULATE
LENGTHS
ﬁv. 1. '
8-24-62 G-32
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Ial
Jul
Lul

. A2

IPal

Al = SB(L)
A2 s ABA (L)
A3 «DSAB(L)
AS 2 sa(l)

cos B -[ss._‘ + ABAS — nsuf] / 2 8B, ABA_

24

YL,e - 2 RT 8/5B,

) { P ABAL s ®

PUNCH
PLATE
Ib

TAU | = AS

IPa2

Al = 8B,
A2 a ACB
A3 =DSCB

A5 2SBL

YUy w 2KRT 8/8B
XU, a ACBy COS B

0SB a [sat + Acet - osca,‘_‘] / 2 3B, ACB,

TAU 12 AS

Rev. 1.
8-24-62
1.0.0-2

Le2 Ira 3
Al S
BX, =8B, . Az: gAtBL
. EYI:? A3 s ABA
AS s ABA,

' g-33




20,36

BET 1 = TANTAL,

Yi,
BET 2 .1AN‘5.3.._
L

35

GAM 22 AS

ALPH 2 = T (TAU 1+ BET | + GAM 2)

34

YLz = YL| #SAL SIN ALPH2
XLz = XL|+5AL COS ALPH2

37

ALPH 2 .¥-(nu 1+GAMLS liﬂ*

I1Pa 4

kY )

GAM3 a AS

26

P e—

Al 3 DSCB,
A2 s SC\_'
A3 « ACB,,,

ALPH3 = TAU2 +GAM 3 + BET2 -1.;-.

ALPH 3 » TAUL . BET2 +GAM S .. X

z
9
YUg s YU + SCL SIN ALPH 3 Lel
XUz= XUy + 8C, COS ALPH 3 NisNat

Rev. 1. *f;'“- V=)
8-24-62 G-34
10000‘2 .

DO 4TI« 2N 39



2
@ AC, -[(xu,_.. XH)3+(YUL-YLL)’]
41
XLAM = TAN"' [ YUy Yby
XU - XLy
42
XLAM=a TC -TAN"( YU, YL, )
XLy - X0,
43
1P=5
Al AC,
A?.s DSA&L
A3SD$CBL
AS 4 DSCB,
Ad
RHO = AS
BY YL, 4+ DSAB, SIN XNU .
%XNU aXLAM- RHO L =T L Sl =8
BX,,, =XL +DSABL €O XNU RT = RT
IP= 6
Al = DSAB,
A2s ABA,,,
Ads 3A,
Asa A‘AL4|

Ay

Rev. 1.

G

"G-35



Yl ® Yl + SA. SIN S1GH

DELT o AS $1GH u XNU- DELT
XL, = XL, +SA, COS S16H

ANEW=TC . XLAM_EPS

I" 2 RTI
EPS « TANT]|__S! -DSAB,

[~ P a7
Al s DSCB,
Alas 8C,
A3- ACBH,.
AS s AC!HA

46

DELT » AS

916w DELT-XNEW

L - Bl

YU YU +8C, SN S30H o
XUyt 2 XU+ 8C, CO6 S16H o
_
PUNCH
Lo Lol xu,vx::xl.,wl.
GO0 TO 90
Rev. 1. e
824262 G-36
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XX m 2A2 Al + 2 A2 A3 + 2 ASAl.Aat-Adt Al
Xx = (xx ac) (b3 A2 AY)

A3 = |+ Xx/24 + 3xxY/640 + 5xx3/7168 .. ...

ok 35 x%4/204912 + 63 xx5/ 2803884
A3 2 A3Vae

COMPUTED
GO TO INa
2,13,15,17,19,24

sa(Mﬂ““) 2 RT 'V;(S-M)(s.u)(s_“)

2. RT
A5 2 TAN™' $-AS

n_&%s)’

COMPUTED
GO TO IP .
23,24,15,36 44 45,46

Rev. 8-24-62 [P
1.0-0‘2 :-?7




Section X
TORTRAN STING
DIMENSION X( 53,3),Y ),2( 53,3),8C( 51),SA( 51),ACB( 53)
DIMENS ION DSCB( 51 51)
D IMENS |ON axi ), ,ABA( 83),sB(2),AC( 53)
DIMENSION XL 53 X 0(53),YL(53)
90 READ 108,1D
READ 100,N,T
DO 9 J=1,3
D0 3 I=1,N
1 READ101,IXF,IXi,IXE,IXS,IZF,1Z1,12ZE,12S,IYF,1Y],IYE,IYS
XF= | XF
XlmiX]
XEm | XE
XS=1 XS
YF=|YF
Yi=|Y]
YE=|YE
YS=1YS
IF=|2F
Zi=121
ZE=|2E
7S=12S
x(| J)mXF+(X1/12,)+(XE/96,)+(XS/192,)
| J -YF+$YI/12. +(YE/96,)+(YS/192,)+(T/24,)
3 J wZF+(21/12,)+(2E/96,.)+(2S5/192.)
9 $O?TINUE
Jmi
L=0
N2mN—-2
DO 2 Imi,N2
8 LwL+1
SCl1=(X(142 )
SCI=SCT+(YL142,J)2¥(1
SClm (sci+{z(1+2
SC2=(X(1+1,4)=-X(1,4)}
scz-scz+(v{|+| )= (I
SC2m SC2+( Z 1+1,J
SC3m(X(142,4)=X(1+1 4
$C3msCa+(Y{1+2,d)=v] 1+
SC3m= (sc3+(z(1+2,J
I Nm1
Al1=SC1
A2=SC2
A3=SC3
A6=SC2
GO TO 300
2 EcsL)-Aa

J
B
v

(x
Ot
*S))(
j-z
))*
1,
)-

PN € s oy PN e

Rev. 8-24-62
1.0.0-2 G-39



11
12

13

14

15

Rev. 1.

§%:8%

™

Jm2

SB1m(X(142,4)=X(1,J))*(X(142,J)=X(1,J

SB1mSB1+(Y{ 142 J)-Y%I,S)g*(vtllz S)-vz% 3)

$B1m (sB1+{z(1+2,0)-2(1,9))*tz(1+2,3)-2(1,3)))
sB2e(X(141,9)=X(1,3)$*(x(i+1 J)=-%(1,)}
s82m8B2+(YL 14+1,4)=Y{1,J))*(Y{1+1,0)=Y(i,))

$B2= (ssz+(Z(|+1.J;-Z(|.J))*lZ(|+1.J)-z(|,J)))
$B3m (X{(142,d)=X( 141 , D) )*(X(1+2,)=X(1+1,J))
$B3=5B3+ (Y 142,4)-YL1+1,9))* (Yt 1+2,9)=YL1+1,0))
§?3§s| (SB3+(Z(1+2,0)~Z(1+1,4))*{z(1+2,d)-Z(141,J)))
A2=SB2

A3=SB3

IN=2

Ab=SB2

GO TO 300

SB(L)=A3

Jm3

=1

L=0

D015 I=1,N2

L=lL+?

SATm(X(142,d)=X(1,J))*(X(1+2,4)=X(1,J))
SAT=SAT+(YL142,9)2Y (1,0))* (Y 142,0)2¥(1,9))

SAl= (sA1+{Z(1+2,3)-2(1,d))*{z(1+2,3)-2(1,9)))
SA2m(X( 141,4)=X(1,3) 3 *(xCi+1,3)-x(1,)}
SA2mSA2+ (YL 141,9)2¥(1,3))* (Y L1+ ,9)2¥(1,9))

SA2= (sA2+{z(1+1,3)-2(1,9))*{zC1+1,3)-2(1,9)))
SA3m(X(142,J)- x(|+1 IN)*(x(142,9)=X(141,4))
SA3mSAZ+(Y{142,d)=Y |+1,J))*(Ytl+2 J)=Yti+1,4))
2?3;Al (SA3+(Z(1+2,0)=2(1+1,3))*{Z2(1+2,)=2(1+1,4)))
A2=SA2

A3mSA3

AbmSA2

I Nm3

GO TO 300

SA(L)=A3

Iml

Jmi

L=0

D0 18 i=1,N

Lal+1

SCAm(X( 1 ,J4#2)=X(1,J))*(X(1,J+2)=X(1,J))
SCAmSCA+{Y(1,d+2)=Y(1,4))*{Y(1,d+2)=Y(1,J))

SCA= (SCA+(Z(1,J+2 )-z(u,a)i*(z(l,J+z)-2(| )

. +




17
906
905

18

19

SCBu(X(1,J+1)=X(1,J))*
SCB=SCB+{Y(1,J+1)=Y(l
SCB= (SCB+(Z(1,J+
SBA=(X(1,J+2)=X(1,J+1)
$BA=SBA+{Y (1,J+2)=Y(I,
SBA= (SBA+(Z(1,J+2
Al=SCA

A2=SCB

A3=SBA

A6=SCB

| N

GO TO 300

ACB(L)=A3

XXm2 , KAZKAT+2 K A2KAL+2 , KALKA] ~A2*A2=-AUNAL=AT*AT
XX=XX/ (A2%A1)

IF(XX-1,)905,905,906

TYPE 11§

A3m1 4+XX/ 2k o +3 . *XX*XX/ 640 o +5 , *XX*XX*XX/ 7168,
A3mA3+35 ¥ XXkl /204912 ,4+63 ,*XX**5/2883584,
A3=SQRTF (Ak)*A3
?B?(L)-AB

Jum1

Lu=0

DO 21 I=1,N2

Lsb+
CAm(Y(1,J+2)=Y(1,J))
CA=CA+(Z(1,J+2)=-2(]
CB=(Y(1,d+1)=Y(1,J)}
BA=(Y(|,J#2)=Y(1,J+i
BA-BA+§Z(I.J+2 <2(1,
CBim(Y(I1+1,J+1)=Y(I,
CBImCBI+(Z{1+1,J+1)-2
BAl=(Y(1+1,J+15=Y(i,J
BAT=BAT+(Z{1+1,J+1)-Z
Al=CA

A2=(CB

A3u=BA

A6=CB1

| Nm§

GOTO 300

DSCB(L )mSQRTF (A3*A3+(X( 141,J+1)=X(1,J+1) )*(X(1+1,J+1)=X(1,J+1))

Ai=CA
A2=(CB
A3=8A
A6=BA1

-t
e G St (., P~
1 + % § ~Xx
PN ast o PN e
~ ot 3 o W -
— Nt e, P~

+2)-Y(|3J))
1,042)=2(1,J))
+1)=v(1, 9
1,d41)=2(1,4))
JJ+2)=Y(1,3+1))
2(1,342)-2(1,J+1))
1,.J9+1)=Y(1,J))

28141, 941)-2(1,4)
141,J+1)=-Y(1,J+2)
*(20141,041)-2(1,9+2))

T G=41



21

Loo

Lo1

Lo2

403
Los

23

24

Rev. 1.

t:8%%

I N=b
GO TO 300
DSAB(L)mSQRTF(A3*A3+(X(1+1,J+1)=X(I J+I))*(X(I+l J+1)- X(l J+1))

IF(SENSE SWITCH 3)400,L405

N8wN=2

L=0

DO 401 I=1,N8

LemL+1

EYSE 105 ,L,SC(1),L,SA(1)

N1=mN=1

D0 402 I=1,N1

Lel+1

szs 106 ,L,ACB(1),L,ABA(})

DO 403 1=1,N8

LubL+1

{Y?E 107 ,L,0sCB(1),L,DSAB(1)

Jm=1

L=

Al=SB(L)

A2=ABA(L)

A3=DSAB(L)

IP=1

AS-SB(L)

GO TO

coss-( SB(L))**2+(A8A(L))**2-(DSAB(L))**2)/(2 *SB(L)*ABA(L))
§ ; -2,%RT*S)/SB(L)

-ABA(L)*COSB

PUNCH 108, 1D

TAU1=AS

A1=SB(L)

A2=ACB(L)

A3=DSCB(L)

|Pm2

AS5=SB(L)

GO TO 301

coss-( SB(L))**2+(ACB(L))**2-(DSC8(L))**2)/(2 *SB (L)*ACB(L))
2 ; 2.%*RT*S)/SB(L)

-ACB(L)*COSB

TAuz-As

L-2
i ;-SB(L-l)

L-I
A1=DSAB(L)




A2=SA(L)
A3=ABA(L+1)
1P=3
AS=ABA(L+1)
GO TO 301
25 GAM2=A5
30 BET1=XL(L)/YL(L)
BET1=ATANF (ABSF(BET1))
36 BET2=XU(L)/YU(L)
BET2=ATANF (ABSF(BET2))
IF(XL(L))37,35,35
37 ALPH2=1,5708-( TAU1+GAM24BET1)
GO TO 34
35 ALPH2=1,5708-( TAU1-BET1+GAM2)
34 YL (L+? -YL(L)+(SA(L)*SINFéALPHZ)
XL (L+1)=XL(L)+(SA(L)*COSF(ALPH2)

L=
A1=DSCB(L)
A2=SC(L)
A3=ACB(L+1)
| Puly
AS=ACB (L+1)
GO TO 301
38 GAM3=AS
IF(Xxu(L))26,28,28
26 ALPH3=TAU2+GAM3+BET2-1,5708
GO TO 29
28 ALPH3=TAU2-BE T2+GAM3-1,5708
29 YU(L+1)-YU(L)+(SC(L)*SINF(ALPHS;)
EU§L+H)-XU(L)+(SC(L)*COSF(ALPHB )
NimN-1
DOL7 I=2,N1
39 AC(L)-((XU(L)-XL(L))*(XU(L)-XL(L)))+((YU(L)-YL(L))*(YU(L)-YL(L)

))
AC(L)=SQRTF(ABSF(AC(L)))
IF(XL(L)=XU(L))41,40,42
LO XLAM=1,5708
GO TO 43
k1 éhA?aAngF((YU(L)-YL(L))/(XU(L)-XL(L)))
12 XLAM=3,1416-ATANF((YU(L)=YL(L))/(XL(L)=XuU(L)))
L3 At=AC(L)
A2-DSAB§L;
A3=DSCB(L
| P=S
AS=DSCB(L)
GO TO 301

on

~3
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+(DSAB
DSAB

(s

4l RHO=AS
XNU=XL AM=RHO
BY(L+1 -YLi ; é
ex L+I =XL(L
RTI-RT
A1=DSAB(L)
A2=ABA(L+1)
A3=SA(L)
IP=b
AS=ABA(L+1)
GO TO 301
45 DELT=AS
SIGH-XNU-DELT
§L+l;-YL L;+ SA(L)*SINF(SIGH
L(L+1)mXL(L)+(SA(L)*COSF(SIGH
EPS-ATANF(((Z *RT1)/(S1-DSAB (L
XNEW=3 , 11416~XLAM=-EPS
A1=DSCB (L)
A2=SC(L)
A3=ACB(L+1)
|Pm?
. AS=ACB{(L+1)
GO TO 301
4,6 DELT=AS
S IGH=DEL T-XNEW
YU(L+1)=YU L;+ SC(L)*SINF(SIGH
XUCL+1)=mXU(L)+(SC(L)*COSF(SIGH
47 L=lL+1
DO 48 L=1,N1
XV L;-XU ; 2
YU(L)=YU(L 2
IF(XU(L))51,52,52
XU(L )=ABSF( )&
ngYU(L)) N 5
YU(L )=ABSF( );
PUNCH 110,L L),L,YU(L)
GO TO L8
58 PUNCH lga ,L,XU(L),L,YU(L)

52 iFsYU(L))SS 56, 56
55 YU(L)=ABSF(YU(L) ;
PUNCH 114,L,XU(L),L,YU(L)
GO TO 48
86 PUNCH 103,L,Xu(L),L,Yu(L)
48 CONTINUE
DO 49 L=i,N1
XL(L)=XL (L)%1,2

*

*

1

51 X

5
F
5
54 F

1.
1,
32
oséo
YU(L
» XU(

Rev. 1.
8-24-62
100-0'2

......

*S I NF ( XNU
*COSF (XNU

)

§§)/(l.-(RTI/(SI-DSAB(L)))**Z))

)




61
64

68
62
65
66
L9
300

901
900

- oud eud wnd e och a=h e aub
dd-ﬂdddgoo
VI £ NW = O\W 00~y
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YL(L)=YL
IF(XL(L)
XL(L)=AB
IF(YL(L)
YL(L)=ABS
PUNCH 109
GO TO L9

Egngu 111,L, X (L),L,YL(L)

iF YL(L )65,66,66

YL L)-ABSF(YL(L))

PUNCH 112 ,L,xL(L),L,YL(L)

GO TO L9

PUNCH 102,L,XL(L),L,YL(L)

CONT I NUE

GO TO 90

Ab=A3

XXm2 ,¥A2%AT+2 ,KA2¥A342 . FATKAT=A2¥A2-A3*A3-AT*A]
XXm (XX*A6) / (A3*A2%A1)

IF(XX-1,)900,900,901

TYPE 115

A3ml,+ XX/ 2L 43 J*XX*XX/6L0 ,+5 , ¥ XX XX*XX/7168,
A3=A3+35, *xx**u/z9u912 +63 . *XX**5/2883584,
3-SQRTF(A6)*A3

GO TO (2,13,15,17,19, 21) IN

sm(A1+A24+A3]/2
RT-SQRTF(ABSF(((S-Al)*(S-AZ)*(S-AB))/S )
AS=ATANF((2, *RT/(S-AS))/(l.—(RT/(S-AS) *%2))

GO TO0(23,2L4,25,38,44,45,46),IP

FORMAT(|3 |2.|1,|2 |3 12,11,12,13,12,11,12)
FORMAT(13,F7.4)

FORMAT hﬂ XL(,I3,2H)- F10.4,3HYL(,13,2H)=,F10,4)
FORMAT(4H XU(,13,2H)=,F10,4,3HYVU |3 2H)=,F10,L4)
FORMAT (3HSC(,13,2H)=, F9 4, kX, 3HSA(, ,2H)- F9oks)
FORMAT (BHACB! , 13, 2H) =, F9. kb, LX, bHABA ( 13,2H}=F9,4)

s (Y St
- TIONTONT

FORMAT (5HDSCB L, 13, 2H)=, F9. b, bX, SHDSAB(, 13, 2H]=,F9,4)
FORMAT ( 2HA=, | 3]

FORMAT(4H XL(,13,3H)==,F9.4, 3HYL£,I3,3H JF9. 4
FORMAT (4H XU( . 13.3H)m=)FO.k,3HYU(, 13,3H)m=,F9 L
FORMAT(LH XL( . 13.3H)m=F9.is,3HYL(, 13,2H)=,F10.4
FORMAT(4H XU( . 13.3H)m=.F9 k4, 3HYU(, |3,2H)=,F10,4
FORMAT(4H XL(.13.2H)=,F10,4,3HYL .|3,3H; LF9.4
FORMAT(AH XUC, 13.2H)m F10.4,3HYU(, 13, 3H )=, F9 b
FORMAT( 20HS/R GREATER THAN ONE)

END
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Appendix H

CALCULATION OF OFFSETS FOR FRAME BENDING TEMPLATES

Bending templates for accurately determining the shape of frames for
forming are one form of information required of any lofting system.
Assuming an equation is at hand for the shape of the hull at a given
frame, this program calculates the proper offsets for describing the
frame bending template.

The program is written in FORTRAN II for the IBM-1620 computer. The
method of solution, operating details, a sample problem, flow diagram,
and program listing are included in this Appendix.

METHOD OF SOLUTION

The input information necessary to solve the problem consists of:

~~ The function that describes the shape of the hull, Y =P (Z)
1 and 22
=~ The step size between solution points, S

== The end points of the frame segments, 2

— The offset (V) which gives depth to the template, or allows
for the width of the frame.

1.0.0-2 H-1



This problem is graphically presented in Fig. H-1l. The solution is as follows:

GIVEN:

Y = £(2), 21, 22, v,8

FIND: OFFSETS WL at intervals 8 as shown in Fig. H-1

1.000‘2

1.

Y, = £f(2Z) at 2

1 1

Y

2 = £f(Z) at 2

2
z, -2,

M=
YI-YZ

1

h’ = tan |)(|

H =8Ssin)
R= Scos)
F= Vsin P
G= Vcosﬂ

p= 90°-Y%

5' Lgl ’ 5 assumes a value of +1 1if the
slope is positive, -1 if the
slope is negative

ZA, = Z, +§F
ZEW = Z, +4P

The Coordinates of Points rAl and P.n d have now been
established. The offset at these points is, of course

equal to V .

B-2



— N

PA (YA, ,ZA) /\ V.
G
J ; nlv.2})

TS /

A
— Y

¥ig. H-1 Geometry of Frame Bending Problem

*DENOTES GWEN DATA
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10. Step through the following for each required offset , WL
L=1,2,3, ..., until ZAL $me+l

1. ZA = ZA  -H
» - -
W, =Y, "SR

YBL = nL-l - 5!
12. The solution for ZQL involves & trial and error solution.

Rewton's Method was selected for this:

Pirst:
YG‘L = f£(2) evaluated at ZOL

1) YCL-AZQ:+ nzci +cZ0 +D

Also:

@) Yo = YR - M(Q (26 - )

Subtracting (2) from (1) gives

) 0 -Azui+nch+czch+n-[¥nL-n(5)(BcL-BL)]

ch is the only unknown in (3) and may be
golved for using Newton's Method.

13. YC.L = f (Z)ch

%
oy - [@&-wfﬂza-zwz]

100.0‘2 ’ n“.



a. Input Data

A definition of the program input symbols and card formats are given

below:

[nput ol
A Coefficients of a standard cubic equation describing
z = the molded shape of the frame. The equation is of the
b form A13 + nxz +CX+D

IDSTA = Pour digit integer frame identification

Zl = Upper limit of the frame segment to be analyzed

4 = Jlower limit of the frame segment to be analyzed
PIS = Minimm offset to allow for depth of frame ( F in Fig. H-1)

S = Distance along chord of curve between required offsets.

First Card Format:
Yarigble 'ormat d Columns
A 1-15
B 4F15.8 16 - 30
c 31 - 45
D 46 - 60
DIS 61 - 67
TDSTA 15 75 - 79
lgst _Card Format
zl 2F10.5 1-10
22 11 - 20

1.0.0-2 H-5



b. Dufput Pata

1.0.0-2

The order of output is as follows:
1. The frame identification is typad
2. The coordinates of rl and 22 (Fig. H-1) are typed

3. The coordinates of each successive point uL and the offset
at that point are typed

t 8 8

If the slope of the chord of the frame segment equals zero, a
message is typed and the angle Y is set to 90°

tti

Switch 1 - OFF, After completion of the calculations for a given
problem, the program looks for an entire new set
of data in the card reader.

Switch 1 - ON, After completion of a problem, the program looks
for a new limits card (zl , zz) in the card reader.

All other switches are ignored

H-6



SAMPIE PROBLEN - FRAME BENDING PROGRAM
Data for Sample Problem - Frame No. 1234

F(z) = -.0001383423-.00210378Z%-.3302632+36.0
PIS = 3.0 $ =3.0

zl = 14.0 z, = 0.0

1620 Typewriter Listing while executing sample problem:

260000200003R5 <gre—e—————demory Clearing Instruction
LOAD SUBROUTINES

ENTER DATA

FRAME NO, 1234

Z(1) Y(1) z(2)
14,00000 30.58437 0,00000 36,00000
PT. NO, Y4 Y PERP, DIST. TO CURVE
1 12,91815 2%.78623 3,00000
2 10,12000 28,86807 3,16161
3 7.32185 29.,94991 3.,22862
b 4,52371 31.03175 3.21436
5 1.72556 32,11359 3.13377
6 -1.03258 33,19543 3,00320
7 -1,08185 33.20185 3,00000
1.0.0-2 H-y



PROGRAM FLOW CHART -
CAICULATION OF OFFSETS YOR FRAME AXNDING TEMPIATES

INITIALIZS:
A\ ) -0
Y240
ol 0

‘%

READ AB,CL,D o CUBKL COLPPICIENT
S DISTANCE BETWEEN REQUIRED
ABLC,D
V.$ oFrPIETS
“' V = OFFSET TO ALLOW FOR FRAME
STA THICKNESS
‘ ID $TA « FRAME IDENTIPICATION

Z,= owesr “ - M

( : Z, = UPPER POINT ON FRAVE SEGMENT
READ

SUBROUTINE
G0 TO curve CURVE

PRINT FiND
HEADING AB,C.D,X ADDRESS
; OF X
PRINT : l
Z2,,Y, s
Z,.Y, AC+Rt+Cx 4D
PRINT ‘
HEADING \g“.m.
™ L
¢ A TEE.TY
Y, =Y

1.0.0-2 H-8



ANG o
N SLP 2O " "I-"*
vus ‘
2™
PRINT He S0 CMLANG)
SLOPLA O RaSuSIN(ANG)
ANG 290 B «90-at
YAsY,-D0S/S
YBa Y,
QU=DSNp

>
i6*
ZA.Z,+Q
z INDIZ’_‘*Q

Zpe 2, -Q
leD:zz-Q

PRINT COORDINATES
OF POINT A AND

OFFSETS

* ARCTANGENT FORMULA TAKEN FROM

: O

.......




TN

%
¢ 25
TazA- . < |YAeYA+m
Z0a 2B H SLP:0 YB.YBAR

GO TO Cumve

olwe o 4
SLPRZ(.ZB).YS

» 3

BETE. 3AXCH
2BZCHC+SLP

[X)

2Cy 2C )

ZL=2CH
GO TO CURVE

PRINT bx-(;(-z.\)‘
FOINT NO- =l feg—— pv. (u -YA)
ZA,YA ,Di# br-(m+m)5i

1.0.0-2 110



-~

1.0.0-2

(O—<>

YAaYy -
Dn cos/&

$

PRINT LAST POINT
COORDPINATES &
OFFSETS

° = m = 0

B-11



FROGRAM LISTING

¢

OFFSETS FOR FRAME BENDING
Y(2)=0,0
ALPA=0,0
1 READ 100§A a§ io ,D1S,S,IDSTA
14 READ 101, zg
CALL CURVE
CALL CURVE
PRINT 102,2(1),Y(1),2(2),Y(2)
PRINT 104"
b SLP=(2(1)-2(2))/7(Y(1)=Y(2))
PSLP==SLP
PM=SP=1,
PLaSP+1,
IF(SLP 26 21,26
ANG=ANG+,07933 1% ( (PM/PL)%**
23 HmS*SINF( ANG
R=S*COSF ( ANG
YA=Y(1)=D|S*COSF(BANG)
YB=Y(1
Q=D I S*S | NF (BANG)
15 ZA=Z(1)=Q’
ZEND=Z(2)-Q
GO TO 17
ZEND=Z(2)+Q
17 2B=2(1)
L=
6 L=L+1
ZA=ZA=H
ZBuZB=H
25 YA=YAd
vs-va+n
GO TO 19

el?sﬁgiou 2(3),Y(3)

PRINT 10

L el by,
SP=ABSF(SLP)

26 ANG=,7 53982+.99535u*(PM/PL .288679*((PM/PL)**3)
BANG=(1,5708~ANG)
IF(SLP)15,16,16
16 ZA=2(1)+Q
PRINT 103,L,ZA,YA,DIS
IF(SLP)ZS 15 18

18 YAnYA=R

1.000-2 n‘lz



YB=YB=R

19 ZC=z8

10 CALL CURVE(A, B&C D ALPA,ZC)
ALPA=ALPA-PSLP%(2C=78)=Y8

7 BETE=3, *A*ZC*ZC42,%B*ZC+C~PSLP
2C1=ZC~(ALPA/BETE
IF(ABSF(ZC1=2C)=,0001)5,5,11

11 2C=2C1
GO TO 10

5 ZCmZC1
CALL CURVE(A.B c D,ALPA,ZC)

8 DZ-iZC—ZA)* 7c-zh)’
DY=(ALPA=YA)*( ALPA=YA)
DIF=SQRTF(DZ+DY)
PRINT 103,L,ZA,YA,DIF

. {FEZ?—ABSF(ZEN& +ABSF(H)))9,6,6

ul+
YA-Y(Z)-DIS*COSF(BANG)
PRINT 107,L,ZEND,YA,DIS
22 IF(SENSE Switen 1)1h,1
21 PRINT- 108
ANG-105708
GO TO 23 -
100 FORMAT 4?15 8 2F7.3.I5)
101 FORMAT(2F10.5)
102 FORMAT urio 57)
103 FORMAT( 14, 10X,F10,5,2X
10k FORMAT 7H# ko, ,10%, 1 *20HPERP, DIST. TO CURVE)
105 FORMAT { SHFRAME u6. |5/)
106 FORMAT(3X,4HZ2(1),7 . 27X, bHY(2))
107 FORMAT( 1k, 10X, F Hels 5/5
10 EggMAT 20 §Lope E

SUBROUTINE CURVE(A,B,C,D,FX,X)
Fx-A*x*x*x+s*x*x+c$

RETURN

END

1.0.0-2 H-13
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DECK OFFSETS ROUTINE

CONTENTS

Page

INTRODUCTION . . . . . & & ¢ ¢« ¢ ¢ o ¢« ¢ s o o+ o I=1

FORMUIAS . . « ¢ ¢ ¢ o ¢ o o ¢ ¢ o s o o o o o s o I
INPUT DATA . . . . . ¢ ¢ ¢ ¢ ¢ o o o o ¢ s o o o« o I2
OUTPUT . . &« « v ¢ o ¢ ¢« o« s o s o o s o o s o+ o 18
SENSE SWITCH SETTINGS. . . . « ¢« « ¢« &+ ¢ ¢ o » o » I-8
SAMPIE PROBIEM . . . . . . « « o ¢« ¢ o o o o o s o 1I-9
FLOW DIAGRAM . . . . . . . 4+ ¢« ¢ o o o ¢« o o+« o« I-10
FORTRAN PROGRAM LISTING. . . . . . « « « o » . » . I-31

1.0.0-2 I



Appendix I

DECK OFFSETS ROUTINE

INTRODUCTION

The purpose of this program is to provide vertical deck camber offsets
describing some standard deck forms easily expressed mathematically.
The configurations which this program handles are:

= Straight line sheer and straight line camber
== Straight line sheer and parabolic camber
= Parabolic sheer and parabolic camber

The program is intended to be as general as possible within the confines
of the above cases. It is possible to vary the frame spacing along the
length of the ship and to vary the transverse interval between offsets.
It is also possible to have variations in slope of the straight sheer
line and to put knuckles in the straight line camber.

FORMULAS

The offsets calculated by this program are vertical offsets, whose base
plane is a horizontal plane at a height above the base line of the ship,
equal to the height of the lowest point on the sheer curve. The formulas
for finding the height of the deck at the centerline are given below:

(1) The height of the deck at the centerplane amidships

h = .04Y = 2y (.24)/12

where Y is the molded halfbreadth amidship

(2) The height of the deck at the centerplane and at the
forward perpendicular

hf = (.21'L + 20)/12
where Pl is the length between perpendiculars

10000'2 1-1



o wrpen mor e,

(3) The height at the aft perpendicular
h‘ = (.IPL+ 10)/12

Figure 1 gives the configuration of the decks in the longitudinal direction.
Figure 2 presents the cross sections of the decks. The definitions of the

symbols used are the same as given in the FORTRAN Input Symbol Definitions.

The program is written in Fortran II for the IBM-1620 computer.

INPUT DATA

Input Symbol Definition

Symbol Befinition
D - Distance from the midship section of the ship to -~
the section that has the lowest freeboard (lowest .

point on the sheer profile). D 1is negative if
this point is aft of midship.

- Ship's length between perpendiculars
Overall length of the ship
- The maximm molded half-breadth of the ship

DIST -  Difference in length between the overall length
of the ship measured forward from midship and
the length between perpendiculars measured for-
ward from midship.

B w o

CST - length of the transverse interval between two
deck offsets (Fig. 2-a).

Ll - For the cases having straight sheer, this is the
number of different slopes in the sheer line
forward of midship. (L1 = 3 in Fig. 1-b).

- Same as L1, exceﬁt aft of midship (L2 - 2 in Fig. 1-b).

For the cases having straight camber, this is the
number of different slopes in the camber from the
center plane to the sheer line (L3 = 2 in Fig. 2-b).

14 - The number of intervals of different frame spacing
forward of the section with minimum freeboard. The g‘)
minismum number of intervals must be 2. That is, .

E K

1.0,0-2 I-2
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1.0.0-2

there must be at least one change in frame spacing.

L5 - The number of intervals of different frame spacing
used aft of the section of minimum freeboard. The
maximum number is 2 .

DB - Length of each different slope (corresponding
to Ll1) from midships forward. Each DF is
presented in order starting at midship and working
forward. ,

DA ~ Same as DF (corresponds to 12 ) starting at
midship and working aft,

E - Length in feet of each longitudinal section having
a different station spacing (corresponds to 14 )
starting at the point of minimum freeboard at
working forward.

V ~ The interval between frames in each section E above.
EA - Same as B , except aft (corresponds to LS5 )
VA - Same as V , except aft

T =~ Length in feet of each of the slopes (corresponds
to L3 ) from the centerline plane to the sheer line.

Input Data Cards

There are four different sets of data specified for this program,
one set for each of the four cases given in the introduction.

The limitations on those variables which have dimension rest:.rictions

- .are given below.

Yariable Minimum Maximm

E, RA 2 20
vV, VA 2 20
DB , DA 1 21

T 1 21

The actual FORTRAN format field descriptions have been used to
describe the data cards. The field descriptions are the FORTRAN
P field, which contains a fixed point decimal number, and the

I field, which contains an integer number tuat is always right
Justified.
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1.0.0-2

A. boli er and r

Card 1 (This card is a header card.

contains a 1 in Colum 5)

Card 2

Format
Columns
Variable

Card 3
Format
Columns
Variable

Next 14 Cards
Format
Columns
Variable

Next LS Cards
Format
Columns
Variable

F15.9
1-15
EA

F15.9
16-30
PL

I5
16-20
14

F15.9
16-30
v

F15.9
16-30
VA

Straight Sheer and Camber

Card 1
Card 2
Format F15.9
Columns 1-15
Variable D
Card 3
Format F15.9
Columns 1-15
Variable CST
Next L1 Cards
Format F15.9
Columns 1-15
Variable DB
Next 12 Cards
Format F15.9
Columns 1-15
Variable DA
Next L3
Format F15.9
Columns 1-15
Variable T

1-6

F15.9
16-30
PL

15
16-20
L1

F15.9 F15.9

31-45 46-60
b 4 ™
5

21-25
L5

(Header card contains a 2 in Column 5)

Fl15.9 Fl15.9
31-45 46-60
) 4 ™

I5 15
21-25 26-30
12 L3

For this case it

F15.9
61-75
DIST

F15.9
61-75
DIST

IS5 15
31-35 36-40
14 15



Next 14 Cards
Format
Columns
Variable

Next L5 Cards
Format
Columns
Variable

Card 1

Card 2
Format
Columns
Variable

Card 3
Format
Columns
Variable

Next L1 Cards
Format
Columns
Variable

Next L2 Cards
Format
Columns
Variable

Next 14 Cards
Format
Columns
Variable

Next L5 Cards
Format
Columns
Variable

F15.9
1-15
E

F15.9
1-15
EA

F15.9
1-15
D

F15.9
1-15
CST

F15.9
1-15
DB

F15.9
1-15

F15.9
1-15

F15.9
1-15
EA

F15.9
16-30
v

F15.9
16-30
VA

Straight Sheer and Farabolic Camber

(Header card; contains a 3 in Column 5)

F15.9 F15.9
16-30 31-45
PL P
15 15
16-20 21-25
Ll L2
F15.9
16-30
v
F15.9
16-30
VA

F15.9
46-60
™

15
26-30
14

F15.9
61-75
DIST

I5
31-35
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D. Parabolic Sheer and Straight Camber

Card 1 (Header card; contains a 4 in Column 5)

Card 2
Format F15.9 F15.9 F15.9 F15.9 F15.9
Columns 1-15 16-30 31-45 46-60 61-75
Variable D PL P ™ DIST
Card 3
Format F15.9 I5 I5 15
Columns 1-15 16-20 21-25 26-30
Variable CST L3 14 LS
Next 14 Cards
Format F15.9 F15.9
Columns 1-15 16-30
Variable E v
Next L5 Cards
Format Fl15.9 ¥15.9
Columns 1-15 16-30
Variable EA VA

OUTPUT

All the output will be punched on cards. The deck height offsets of
Section D will be punched first, followed by those of the sections forward
of D . After completing these sections the message ''Deck Offsets Aft"
will be punched. The message will be followed by the offsets from the
section just aft of D to the stern.

For each section the program will punch offsets out to the halfbreadth (YM).
At stations forward and aft of the midship station (or parallel middlebody)
some of these offsets will not be valid since they will lie outside the
sheer line.

SENSE SWITCH SETTINGS

All the sense switches are normally off, with one exception. The value of
the transverse interval between offsets (CST) can be changed during
execution by turning Switch 3 on. The program will halt and wait for a
nev value of CST to be typed in (Format F15.9). Switch 3 must be

turned off before pushing start to continue.

1-000.2 1'8



Input Data
1
-10,0 50,0 60,0 12,0 5.0
4,0 2 2
20,0 10,0
20,0 10,0
10,0 10.0
10.0 500
Qutput

DECK OFFSETS FORWARD.-

e o
+1+2666666
+ 26666667
»00000001

FRAME 0,0000

59156461 €0 OVERALL
"o143156462 ; .
~16489796 so' Lep s
FRAME 10.0000 10’
1.13959170

1 .gggggg“ F_____7r
.65959181 Tion 00 PLANE A

FRAME 20,0000 \

96408150

:g;g;tg}g R ° 10 20 30

30,0000 SIDE VIEW OF SAM PROBLEM

2,90503380

2,63836720
DECK OFFSETS AFT,-
FRAME  -20,0000

A '

[ REQUIRED OFFrsETS
.60888893 , ————-r—-—_-l
34222233 € PLANE A f i

FRAME =25,0000 ¢ 4 8 12
1.24999990
1.19666660 C TION
1.03666660
77000003
FRAME  -30,0000
l.8h888870
l.795555h0

| 32888860

1 .0 . 0‘2 1-9
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FLOW DIAGRAM

@—_’ LE=1I
600 l

READ ILCNT,
D, P, P YM,
DIsT

26

——— PAUSE

—®

|

COMPUTE HEIGHTS OF DECK

HF =(.2PL+20)/12)
HA=CIPL410)] 12

HM= (.48 YN)/ 12

SECTION, AP

l

PL2 = PL/2

PL2SQ= PL2?

DSQ = D™ .
= H *

AMIDSHIP AT FP, MIDSHIP

A2x(HA-HM

Als(HF- HM;/(PLZSQ-Z*D * PL2+ DSQ)
/(PL25Q+ 2% D» PL2 + D5Q)

|

Bl=-2D»Al
B2r-2D%A2

1-000-2

PizPL2DIST
P2= P-PI

I1-10



= 4
G TO (Q)
(13, 138,130, 1 d

131 l COMPUTE DECK OFF SETS FOR
READ PARABOLIC SHEER ¢ CAMBER

E > €,+D
EA.= EA'-D

DO 41
1= 2., L4

Ep® Ey+E1

1.0.0-2 I-11



DO 42
Ia% L5

!

!

LEw]
A= D

—_—
G
<¢43,2-4,.;:, 70 ) >4

IDNT 7 e

o]

PUNCH HEADING| coMPUTE OFF SETS FOR
DeEak. OFFSETS| PARABOLIC SHEER § CAMBER
FORWARD CONDITION.

e

‘: >___.,Y: °

5UNCH
(FRAME)

56 l
. "ZP= AnY s Alx
@—’ X1+ 81 wX+ABI

PUNCH 2
VALUKR
ZP

I-12

1.0.0-2



(e

ON
30

ACCEPT
AY vaLve

(CsT) v

M

Y=Y +CST

DETERMINE IF
ALL STATIONS COMPLETE
FOR THI$ SECTION

>

DETERMINE IF

5 ALL SECTIONS FW
Y
56

XX+ g | y

OETERMINE (F FOREMOST

° No Pom'r 1S REACHED
YES
\ (e)

1.0.0-2 I-13




132

READ: Cl,
L" Lz' LS‘
L4, L5,

COMPUTE DECK OFFSETS FOR
STRAIGHT SHEER § CAMBER
CONDITION.

L3=L8+|
Li=L i+l
L2=12+1

y

DO |
I=2,L1

i

—1 DA,=D
o los,=D
22,L3 !

12, (: "1z =1m

5 ‘ T, =0

READ Ty l

PUNCH
HEADER ]
DECK OFFSETS
FORWARD

1.0.0-2 1-14



Do 27
I=2,L3
2y

T1=TI+ T1-|

Y
@_’ azoz,‘f.u

X= DBJ“

v

Ios;=oa.,+ba,4]

!

27=AI%DB+Bi% DBy +ABI

!

AN=(2;-2;.,)/(DB;~DB;. )

8 !

@_JCﬁ" 2;_,+AN *(x" DBJ—[)

!

Y=0

!

PUNCH
FRAME-X

1.0.0-2 I-15

Do 7
1=2,L3




®—‘ C,=C,-A % Ty*

am=(Cy-C) /(T -T,.)

sy

M. ZTgc1_|-AM*(Y-—T1-') .

PETERMINE IF
THIS STA.
COMPLETE

s

1.0.0-2 1-16



DETERMINE HERE 1IF THIS
SECTION COMPLETED

DETERMINE HERE IF
ALL SECTIONS COMPLETED

28
@ YES

|[CONTINY
o Loor: lexiT

1.0.0-2 I-17



LE= LE4|

0 ¥

X=X‘VAL‘

1.000'2

1-18



|
2T=Cr i~ AM #(Y-T;) [e—

Y=Y +Ci

LE=LE<+|

XaX~-V_ g &

1.C0.0-2 1-19
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DA1= "DAI + DA1-|
Zy=A2XDA+B2 % DA +AB2
AN=<21.ZI-I)/(DAI‘|_DAI)

R

@-—. C =2~ AN #{X-DA)
!

Y=0

CD
;?hc,—A*Y‘
(B —(

100.0"’2 1-21




@-——. C, =2y, +ANX(X-DBy_))

1.0.0-2

D8,=DB; +DB;.,
Z,>AI1%DB,* + Bl % DB, + ABI
AN=(2,~2,,)/(DB;-DBy.,)

s !




130

START CALCULATION OF
OFFSETS FOR STRAIGHT

SHEER & PARABOLIC CAMBER
CONDITION

READ:
cST, L1, L2,
L4, LS

LisLi+l
L2=L2+1

!

Do 70
1=2,Ll

70
READ
D8

Do 72
I=2,L2

7
READ
DA;

1.0.0-2



1.0.0-2

PUNCH
HEADER,
DECK OFFSE
AFT

LE=|
X=D-VA,

!

DO 16
J=2,L2

Zy=AZ¥DA] + B2 %DAJ+ABR2
AN=(E3-23.) /(PAg: —DAg)

9 y
°'=33-AiN*X-DA,

Y=0

PUNCH

FR)I(\ME

vo 17
I=2,L3

!

1-24

Ci=C,tA* le
AM.(CI“-CI)/ 6-1 'T;.|) ( : :: >

ey



No

T 1SL3=1 IST,>Y 92
YES No
46 f
YES CONTINV
16 T;<Y ggAENg'
AT
No
EXIT
s2

1.0.0-2 1-25
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1.0.0-2

743
@———.{ Ciz AL X* +B24x+ABL

Y=0

@ .oo 744
I=2,L3

Z VALVE
ZP

765

iY:Y-bQST

1-26




[ConTINVE
DO LOOP
ED

LEzLE +!

v ¥
B2 X1V, g  [E——

NCH
HPEUADER
ECK?:FFS

-
X3 D-V4,

1 . 0 00-2 1-27




e

1.000‘2

7
@-——.ﬁ,:m-x‘wuxma»

I

DO T34
-2,L3

'

C; =c, -~ A» TI b
AM> (Cr = Cr)/(Ty-Tr)

735 ]
ZP = Cur AM¥ (Y-Tr.,

Y:Y 4+ CST

1-28
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T' :.O
L3 =L3+)

PUNCH

HEADED
DECK OFFSET S

START CALCULATION OF
OFFSETS FOR PARABOLIC
su:ui STRAIGHT CAMBER
CONDLTIO




N e S LS AN MR

PUNC
HEADING

DECK OFPSET
AFT

LEs |
X = D-VA,

6!

63

9 ZP=-AxY 424 X34 820 2+AB2

ACCEPT
AY VALWE
esT

DETERMINE
IF AFTMOST

POINT 1S
REACHED

1.0.0.2

1-30
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FORTRAN PROGRAM LISTING

c * % * DECK OFFSETS * % x

¢ IDNT=1 PARABOLIC SHEER AND CAMBER

c IDNT=2 STRAIGHT SHEER AND CAMBER

c IDNT=3 STRAIGHT SHEER AND PARABOL IC CAMBER

¢ |DN Tl PARABOLIC SHEER AND STRAIGHT CAMBER
DIMENSION DB(21), DA(ZI) £(20),EA(20),V(20),VA(20),T(21),C(21)
DIMENSION Z(21)
LE=1
GO TO 600

26 PAUSE 2

600 READ 506, |DNT
READ 500,0,PL,P,YM,DIST
HF=( .2*%PL+20,)/12.
HA-?.I*PL+IO. /12
HMee (2, XYMX, 24) /12
PL2=PL/2,
PL2SQmPL2*PL 2
DSQu=D*D
A=HM/ (YM*YM)
Al=(HF=HM) / (PL2SQ-2 ., *D*PL2+DSQ
A2=(HA=-HM) / (PL2SQ+2 . *D*PL 2+DSQ
Blm=2,%*D*A1
B2m=2.*D*A2
AB1=B1*81/ (4 ,*A1)+HM
AB2=B2%*B2/ (4 ,*A2)+HM
Plu=PL24+DIST
P2=P-P1
GO TO (131,132,130,133), IDNT
131 READ 502,CST,Lk,
3 DO 52 I=1,Lh’
52 READ 500, E(I) v(l)
DO 53 I=1,L5
53 READ 500 EA(l) VA(1)
E(1)=E(1)+D
EA(1)=EA(1)-D

DO 41 I=2,LL4
L] E(l)-£(|)+E(| 1)
00 42 |=2,L5
42 EA(1)=EA(T)FEA(1~1)
LE=1
X=D
GO TO (L3, uu 701,702), IDNT
43 PUNCH 503
54 Y=0,

PUNCH 505, X
56 ZPm~ARYRY4AT%X%X+81%X+AB 1
PUNCH 500,2P
IF(SENSE SWITCH 3) 30,31
30 ACCEPT 500,CST

1.0.0-2 I-31
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P N R

31
55

59
60

61
63

by

27

1'0000'2

YuY+CST
IF(YM=Y)55,56,
IF(E(LE -x{se
IF(L4=LE)S 60
LE=LE+1
X=X+V(LE)
|F(P|-x)60 54,54
PUNCH 504

LE=1

X=D=VA(1)

Y=0,

PUNCH 505, X

39 59
58

ZPm—ARYHYLA* X% X+B 2% X+AB2

PUNCH 500, 2P
IF(SENSE SWITCH 3) 32,33
ACCEPT 500,CST

Y=Y+CST

IF(YM~-Y)62,63,6
IF(=-EA(LE)~X) 66 6h 65
IF(L5-LE)61, 26,65

LEmLE+1

XmX-VA(LE)

READ 502,C1,L1,L2,L3,L4,L5

L3=L3+1

Li=mL1+1

L2=L2+1

DO 1 I=2,L1

READ 5oo "DB(1)
DO 3 I=2,L2
READ 500.DA(1)
DO 5 I=2,L3
READ 500 T(1)

GO TO 34
DA(1)=D

DB(1)=D

Z(1)=mHM

T(1)=0,

PUNCH 503

DO 27 I=2,L3
T(l)-T(l)+T(l-|)
D0 6 Jm2,L1
X=DB(J-1

0B (J)=DB(J)+DB(J=1)

Z(J)=A1*0B(J)*DB(J)+81*DB (
AN=(Z(J)-2 J-l))/("B(J)-D?

C(1)=mZ(J=1)+AN*(X~-DB(J~1)

J)+
4

1-32

AB
)

1
1)




35
36

10
LA

28
12
13

14

19

Y=0,

PUNCH sos,x .

DO 7 I=2,L3

C(I)-C(l’-A*T(I;*T(I

AM= (C(1=1)=C(1))/(T(

ZT=C(1=1)=AMK(Y=T(I

PUNCH 500,ZT

IF(SENSE SWITCH 3) 35,36

ACCEPT 500,C1

YaY+C1

IF(L3-1)11,10,11

'F(T(|)'Y)7p9)9

'F(T( i )"Y)797o9

CONT I NUE

IF(E(LE)=X)12,28,13

IF(L4=-LE)6,6,12

LEmLE+1

X=X+V(LE)

IF(L1=J)15 lu 15

IF(DB(J)~-x}6,8,8

IF(DB(J)-X)6,6,8

CONTINUE

PUNCH 504

LEm1

X=D=VA(1)

DO 16 Jm2,L2

DA(J)--DA(J)+DA(J 1)

Z2(J)=A2*DA(J)*DA(J)+B2*DA(J)+AB2

AN=(Z(J)=-2(J=1))/(DA(J=1)=DA(J))

C(1)=Z(J)=AN*(X~DA(J))

Y=0.

PUNCH 505, X

DO 17 1=2,L3

C(1)=C(1)~A%T(1)

AM=(C(1-1)=C(1))

ZT=C(1=1)-AM* (Y~

PUNCH 500,ZT

|F(SENSE SWITCH

ACCEPT 500,C1

YuY+C1

IF(L3-I)21 20,21
T(1)=Y 17 18 18

IF T(1)=-Y)17, 17.18

CONTINUE

IF(=-EA(LE)=X) 25,29, 24

IF(L5-LE)16,16,2

LE=LE+1

% -T(1-1))
1))

*T(1)
/(T(1)=T(1-1))
T(1-1))
3) 37,38

1 0000'2 1‘33
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Al o oo 3 e

25
22
16
130

70
72
701

85

XmX=VA(LE)
IF(L2-J)23,22,23
IF(DA(J)=X)19,19,16
IF(DA(J)=-X)19,16,16
CONTINUE

GO TO 26

READ 502,CST,L1,L2,L4,L5
LisL1+1

L2=L2+1

DO 70 I=2,L1

READ 500,0B(1)

00 72 I=2,L2

READ SOO,DA(I)

GO TO 34

Z2(1)=HM

D8(1)=D

DA(1)=D

PUNCH 503

DO 74 1=2,L1
DB(1)=DB(1)+DB(I-1)
Z(1)=A1*DB (1)*DB(1)+B1*D
AN=(Z(1)=Z(1-1))/(DB(1)=
s(é)-1(1-1)+AN*(x-os(|-1
PUNCH 505, X

ZT=C (1)=ARY*Y

PUNCH 500,2T

IF(SENSE SWITCH 3)766,67
ACCEPT 500,CST

YaY+CST

IF(YM=Y)77,76, 76
IF(E(LE)-X}79

VF(Lb-LE) 74, 7&

LE=LE+1

X=X+V (LE)

IF(PI-X)7# 82,83
IF DB$ ; 74,75,7
1F(DB X)74,74,7
CONTINUE

PUNCH 504

LE=1

XuD=VA(LE)

D0 84 jw2,L2
DA(1)==DA(])+DA(1-1
Z(1)=A2%DA I)*DA(I)
AN=(Z(1)=2(1-=1))/(D
C(I)-Z(l)-AN*(X-DA(

B(1)+AB1
?g(l-l))

E
5

*DA( |)+AB2
))

132 )
A(1-1)=-DA(I
1))

1.0.0-2 1-34




PUNCH 505, X
86 ZTmC(1)=A%Y*Y
PUNCH 500,2T
IF(SENSE SWITCH 3) 762,763
762 ACCEPT 500,CST
763 YuY4+CST
lF(YM—Y)S;
87 IF(~EA(LE
88 IF(LS-LE)Bh 6
89 LE=LE+]
90 X=X=VA(LE)
91 IF(-P2~X)93,9
92 1F(pA(1)-X)85,
93 IF(DA(!)=-X)8s5,
8L CONTINUE
GO TO 26
133 READ 502,CST,L3,Lk,L5
T(1)=0,
L3mL3+1
GO TO 34
702 DO 732 I=2,L3
732 READ 500,T{!)
DO 150 =2, L3
150 T(1)=T(1)+T(1-1)
PUNCH 503
733 5(6)-AI*X*X+BI*X+ABI
PUNCH 505, X
D0 734 I1=2,L3
C(l)-C(l)-A*T(|)
AM= (C(1=1)=C(1))/ -
735 ZPmC(|=1)=AM*(Y=T )
PUNCH 500, ZP
IF(SENSE SWITCH 3)68,69
68 ACCEPT 500,CST
69 Y=Y+CST
1IF(L3~1)737,736,737
736 lF(T(I)-Y)734 735 735
737 1F(T(1)=-Y)734, 734 735
734 CONTINUE
IF(E(LE)-X)738,39,40
39 IF(L4-LE)733,7h2, 738
738 LE=LE+1
Lo X=X+V(LE)
IF(P1~ X)7‘&2 733,733
742 PUNCH §
LEm1
X=D=-VA(1)

88 89

2,8
65 8L
81& 84

*T(1)
(T(1)=T(1=1))
(1=1)

1.0'0.2 1-35
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743 c(t)-Az*x*X+52*x+Aaz
Y=0,

PUNCH 505, X
;uu 1-2 L3 '
C(l -C(l)-A*T(I *T(1)
AM=(C(1=1)=C(1))/(T(1)=
4s 7PuC(l=1)=AMe(Y=T(I=1))
PUNCK 500,2P
I F(SENSE SWITCH 3) 764,765
764 ACCEPT 500,CST
765 YaY+CST

T(1=1))

IF(L3=1)47,46,47
46 IF(T(I1)=- Y)7k4 L4s , L
b7 IF(T(1)=Y) 74k, 7hb, b5

744 CONTINUE
iF(-EA(LE)=-X)48,49,50
49 IF(L5-LE) 743, 741, 50
50 LE«LE+1
L8 XmX=VA(LE)
51 |F(-Pz-x)743 743, 741
741 GO TO 26
500 FORMAT(5F15.9)
502 FORMAT(F15.9,515)
503 FORMAT (22HDECK OFFSETS FORWARD.—)
504 FORMAT (18HDECK OFFSETS AFT.-)
505 FORMAT(6HFRAME ,F10.4)
506 EggMAT (215)

1.0.0-2 I-36
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PROGRAM FOR INNER EDGE OF WEB FRAMES
CONTENTS
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Appendix J

PROGRAM FOR INNER EDGE OF WEB FRAMES

The purpose of this program is to find the inner contour of a web

frame when given offsets describing the mold line contour of the

frame. That is, given a set of points which lie on a smooth mold line
of a frame, we wish to apply a transformation to these points. This
transformation is to be such that the transformed points lie on a curve
which i8 similar in contour bgt which now passes an ordinate distance Cl
from the upper point and C, from the lowest point. (See Fig. J-1la.)

To accomplish this transformation, the curve is first translated the
distance c1 . By examining Fig. J-la it can be seen that 1if the curve

is now rotated so that the end point was a distance C, from its orizinal

2
position, the resulting curve would be too short and in a distorted
position. To overcome this condition the curve is extended by fitting a
parabola to the three lowest data points and extrapolating a new end

point.

A special condition which may sometimes be found on web frames is the
existence of a knuckle near the upper point. This condition is illustrated
in Fig. J-1b. The inner contour will be a smooth curve from the beginning
at the upper edge. The true distance to which the points below the knuckle
must be

must be translated is not given by C Therefore, a new C

1° 1
calculated which gives a closer approximation of the correct distance.
The new distance Cl is approximated by passing a parabola through the
uppermost three data points below the knuckle, or if given including the
point at the knuckle itself, 01 can then be found by solving for the

point on the parabola corresponding to the upper frame edge.

The program is written in FORTRAN for the IBM-1620 computer.
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Fig. J-la PART GEOMETRY
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a. Input Bata

FORTRAN Input ols

Cl =

C2 =

X(1),¥(1)

Data Cards

There are a total

First Card:

Varisdle

c1
c2
cC

If Sense

Number of points, must be an integer with no
decimal point, and must be right justified to
Column 5. N € 25

Ordinate distance curve is to be moved at first

point

Ordinate distance curve is to be moved at

last point

Abscissa distance from first point to place
where C1 1is given. This applies only when

the curve contains a knuckle

Coordinates of points describing the curve

of (N+l1) cards

Format Card Columns
I5 1 -5
6 - 15
3F10.5 16 - 25
26 - 35

Switch 1 1is OFF, CC will be ignored and

nothing need be punched in Columns 26 - 35.

Remaining (N) cards:

Yarisble

X(1)
{ XD

1.0.0-2

Format Card Columns
2r15.6 1-15
16 - 30



b. Sense Sviggg Settings

Switch 1 ON - Frame Curve contains a knuckle

Switch 1 OFF - Frame curve does not contain & knuckle

c. Qutput (Via Typewriter)
Transformed points (X,Y)
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Znput
7 -200 -305
8.0 10.296
7.0 9,758
6.0 9,157
5.0 8.516
4,0 7.853
3.0 7.065
2,0 5.540
26000020000 3RS
LOAD DATA
Output
8,000000 8.296000
7.046353 7.679557
6.097758 7.000316
5.152369 6.281204
L,208745 5.540163
3.275142 4,674525
2,400629 3,074258
2,000000 2.0L40000
X
8k
7 -
6l
38 TRANSFORMED ORIGINAL CURVE
CURVE
4L
3t
2L
¥'*"— C _
1 L 1 e A i 1 ! i 1 o Y

[ 2 3 4 5 6 7 8 9 1o
LAYOUT OF SAMPLE PROBLEM.
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N
BB= ("a—x —de "(X4"Xz ( 3=-Y2
X3 =X2) (Ha-X2) (Ka-X3 FIND C4

AND COOMDINATES

OF POINT
FOR PARY
CONTAINING

RS
- Y'b —Yf_ . A~
AA= X -BB (X3 -X2)

l

Z2=X,+CC

1

10000'2




10000-2

Cy=Cyr-wwey,+cc(Vi-Y2 )

(< —Xz)
;

Do 4l
I=|,N

'

K=N+{-1

4% ‘

XK'H =Xk
Yi+1 = Y

1

X1=X4+CC
1 =ww

€D

2%

= SAVE X
- T% = COORDINATES oF

Ta = g" FIRST POINT
SXA = Xn
SYY ’3»+Cz

J=7



Do 21
I=1,N
24% 1

KizXi - Ty | TRANSLATE THE ORIGIN
. . OF THE DATA POINTS
de=4i-Ty | 7O Xy, Y.

J

p= (Yne2=Yu) (xn-1 -Xn) ~(Yn4=Ya) (%X -2.=Xn)

6‘"-‘&"7('0)(&-1- Xa) (Xas-2= X =1)

Tk CH - -
X B(Xn-1- Xn)

D = Xu +(Yu +C2=Cq)*

-

Z=An

30*{

el T gz_"-{- YN"-D
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Hz=.5 SET INCREMENT

19
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cs=(@-Xn)*+(w+C2-Cy-wW)?

'

cs=lo-cs?
sn=(l.~cs)*

!

DO 25
I=1,N

(CQ 'XN)>0 YES

NO
22%*
SX =X,-CS~Yi+SN +Tx
SY= Xi*SN+Y{-CS +TY+C,

25™ I 23% )

PRINT SA2KICSHYiI SN +TX
SX,SY [* SY =-Xi*SN+Yi-CS+TY+C,

PRINT
SXX
SYy

10000‘2 J'lo



A [

.

PROGRAM LISTING

c * * CONTOUR TRANSFORMATION * *
DIMENSION X(25),Y(25)

1 IF(SENSE SWITCH 1)50,51

50 READ100,N,C1,C2,CC
GO TO 52

51 READ 100,N, c1 c2

52 DO 20 ™

20 READ101, x(u) Y(
IF(SENSE SWITC

4o BB=(X(3)-X(2))
BB-BB/((X(B) X
AA=(Y(3)=Y(2))
Z=X(1)+CC
WwW=Y (2) +AA(
Cl=Cl=WW+Y(1
DO L1 I=1,N
KmN+1=1|
X(K'l-‘ )-X(K)

L1 Y(K+1)=Y(K)
X(1)=X(1)+CC
Y(1)=WW
NuN+1

L2  TX=Xx(1
TY=Y(1
SXX=X(N)
SYY=Y(N)+C2
DO 21 I=1,N
X(1)=X(1)=TX

21 Y(1)mY(1)=TY
B=(Y(N=2)=Y(N))
B=B/( (X(N=2)=X(
A=(Y(N=1)=Y(N))
DaX(N)**2+(Y(N)
Z=X(N)

30  TmZk*24Y(N)**%2-D
1F(7)2,9,31

3 Iwm 5*Z

GO TO 30

1F(2)4,9,3

H=,5

GO TO §

H--.S

CA=T

InZ+H

WaY (N)+A* (Z=X(N) ) +B* (Z=X(N) ) *¥*2

TuZ**24Wk*2-D

IF(CA*Y)6,9,5

)
)
zZ-
)

O>< ~N—~ %X

2)-X(N))

Vi WN
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HA=ABS (H)
| F(HA-,0001)7,8,8
Z-Z-H/Z .
GO TO 9
H--H/Z Py
GO TO 5
C3m(Z=X(N))**2+(Y(N)+C2=C1-W)**2
CS-I.O-.S*C3/D
SN=SQRT(1.,0=~CS**2)
DO 25 I=1,N
IF(C2%X(N}) 22, 22,23
22 SXmX(1)*CS+Y (1 )*SN+TX
SYm=X{( 1 )*SN+Y (1) *CS+TY+C1
GO TO 25
23 SX=mX(1)*CS=Y(1)*SN+TX
SYm X(1)*SN+Y())*CS+TY+C1
25  PRINT 101,SX,SY
PRINT 101,SXX,SYY
GO TO 1
100 FORMAT(15,3F10.5)
101 ESSMAT(2F15.6)

0 w ~ o~
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Appendix K

ROUTINE FOR IDENTITY MATRICES

CONTENTS

OPERATING INSTRUCTIONS. « + o « ¢ o+ o« o ¢« o &+ » + K=l

.AMPLE PROGRAM
INPUT DATA . . « ¢ « « « « o ¢ s ¢ + » +» Ke2
OUTPUT . . « & « o ¢ ¢ ¢« ¢ s o s o ¢« o« K=3
PROGRAM LISTING . « « ¢ ¢ + ¢ o o o « o s o o o+ K2
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Appendix K

ROUTINE FOR IDENTITY MATRICES

The function of this program is to provide an identity matrix and
associated cards for providing a basic feasible solution for the
matrices produced by SMOG 1 and SMOG 2.

OPERATING INSTRUCTIONS

The program is written in FORTRAN II for the IBM-1620.

Fortran Input Variable Definitions

IOIM - The number of the first column in the "identity"
matrix.

IOWS - The number of rows in the non-basis matrix produced
by SMOG.

COST - The cost on the columns of the matrix

Input Format

The input consists of one card with the following format:

Format 15 15 F10.4
Variable IOIM IOWS COST

Qutput
The output is in the following order:
(1) a card punched '"BASIS"
(2) A set of basis headings
(3) The identity matrix including the cost row and elements.

Sense Switches

None used
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PROGRAM LISTING

READ 150, {OLM, |OWS,COST
PUNCH 151
[OF=OLM
DO 2 I=1,!0WS
PUNCH 152, I0F, I
2 10F=iOF+1
I0F=10LM
DO 3 Im1,|0WS
PUNCH 153, IOF,COST
PUNCH 15k, |OF, |
| OFm | OF +1
GO TO 1
150 FORMAT(15,15,F10.4)
151 FORMAT(SHBAS1S)
152 FORMAT(7X,1HC, I4,2H R, I4)
153 FORMAT(6X,2H C,Ih,6H OFSET,F12.5)

154 FORMAT(7X 1HC, Ih 2H R, 14, 84 1.7)

END

SAMPLE INPUT DATA

100 30 1000.9
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1.0.0-2

SAMPLE OUTPUT
BASIS
C 100 R 1
C 10t R 2
ci102 R 3
C 103 R &4
C1o0b R 5
C105R 6
C 106 R 7
cio7RrR 8
ci108 k 9
C 199 ] 10
c 1ioR M1
CI11tT R 12
C 112 R 13
C 113 R 14
C 1tk R 15
C 115 R 16
c 16 v 17
C 117 18
C 118 R 19
C 119 R 20
c 120 R 21
C 121 R 22
C 122 R 23
C 123 R 24
C 124 R 25
C 125 R 26
C 126 R 27
C 127 R 28
C 128 R 29
€C 129 2 30
C 100 OFSET
C100R 1
C 101 OFSET
Cc o1 R 2
C 102 OFSET
C 102 R 3
C 103 OFSET
C 103 2 &4
C 104 OFSET
CI1ob R 5
C 105 OFSET
CI105 R 6
C 106 OFSET
C106 R 7

1000,00090
1.0
1000,07000
1.0
1000, 20004
1.9
1000,000600G
1.0
1000 . c0n00
1.0
1000, 00000
1.0
1000.00000
1.0
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OO0 OOOOOOOOOOCOOOOODO0OOO00N0O0

107
107
108
108
109

110

—-—h
(=]
c

b wab el ol anb b wd wd o b and ek oo ond ol o b ond o b ol b oud el Sl od el ) and and ond ol and el oo S ol end b

NRNONRPRPRNNDNMNDNRNNNNPRDNPORNNNNNNNDANN o ol at ol ot b et ccd ot cod et o cod ol cd ok ot ed ot
WVWWOWOONSNSNOONNINIES P WULWNDNa- s OOOC\C@ONNOGCOVIVI TS WWR N =

OFSET
8

OFSET
R 9
OFSET
R 10
OFSET
R 11
OFSET
R 12
OFSET
R 13
OFSET
R 14
OFSET
R 15
OFSET
R 16
OFSET

OFSET
R 18
OFSET
R 19
OFSET
R 20
OFSET
R 21
OFSET
R 22
OFSET
R 23
OFSET
L 2k
OFSET
R 25
OFSET
R 26
OFSET
R 27
OFSET
R 28
OFSET
R 29
OFSET
R 30

1000.,00000
1.0
1000,00000
1.0
1000,00000
1.0
1000.,00000
1.0
1000,00000
1.0
1000,00000
1.0
1000,02000
1.0
1000,00000
1.0
1000 .00000
1.0
1000,00000
1.0
1000,00000
1.0
1000,00000
1.0
1000,00000
1.0
1000,00000
1.0
1000,00060
1.0
1000.00000
1.0
1000,02000
1.0
1000.00000
1.0
1000.00000
1.0
1000,00000
1.0

1000,00000

1.0
1000,00000
1.0
1000,00000
1.0
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